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Shop men agree that Inland Hi-Steel can be readily welded by con- 
ventional methods including arc, spot, resistance, or flash method: 


‘The High-Strength Steel 


es esee@neeseenaeae 68 e@¢eu @eeeeeseee e208 026? 8 68 0 6 


that Is Easy to Fabricate 


Inland Hi-Steel can be worked and 
welded by conventional methods 


HERE'S no need to buy new 

fabricating equipment, rede- 
sign present machinery, or to 
change shop methods when you 
switch to Inland Hi-Steel. 


This amazing high-strength, 
low-alloy steel is ductile. It can 
be worked easily, either hot or 
cold, with the fabricating equip- 
ment you’re now using. Hi-Steel 
does not change its characteristics 
during normal cooling, but it can 








Available in 
Many Forms 








be heat treated, if desired. In 
addition, it is easily welded, 
sawed, sheared, punched, and 
machined. 

Inland Hi-Steel has a working 
stress nearly twice that of ordi- 
nary structural steel, a fatigue 
strength approximately one-third 
greater, 4 to 5 times the resistance 
to corrosion, and high abrasion 
resistance. 


An even higher yield point can 


be achieved in many applications 
by precipitation hardening, a sim- 
ple low-temperature heat treat- 
ment. We will be glad to furnish 
you with additional information 


on this process. 


To make larger tonnages avail- 
able to you, other steel companies 
have been licensed to make this 
superior product. Write for Bul- 
letin No. 11. INLAND STEEL 
CO., 38 S. Dearborn St., Chicago. 
Sales Offices: Chicago, Daven- 
port, Detroit, Indianapolis, Kan- 
sas City, Milwaukee, New York, 
St. Louis, and St. Paul. 


Hi-Steel meets the requirements of SAE Specification 950 
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INLAND 


HI-STEEL 


THE LOW-ALLOY, HI-STRENGTH STEEL 
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The extraordinarily fine micrographs in color forming the cover design 
on this issue of Metal Progress are of anodic films on aluminum as 


viewed under polarized light. 


They are of particular importance in 


the study of directional properties and recrystallization phenomena. 





Grain Orientation in Aluminum 


Revealed by Anodie Film 





A LARGE NUMBER of technological problems 

arise from the presence of generalized or 
localized textures in metals. Certain peculiar 
behaviors in corroding media, and unexpected 
responses to chemical or electrolytic treatments 
are traceable to the distribution of grain orienta- 
tions. “Earing” (in deep drawing) is primarily 
a problem of preferred grain orientations. Aniso- 
tropy of mechanical properties is related essen- 
tially to the orientation of the grain structure. 

Research prompted by the necessity of con- 
trolling grain size leads from the general study of 
recrystallization to the specific exploration of the 
mechanism of rectification of crystallographic 
disorder. Investigations in this field often require 
knowledge of individual grain orientation in the 
sample under study. 

Another important matter concerning mill 
practice is hot and cold plastic deformation. This 
leads to a variety of metallurgical quests. The 
grain of a plastically deformed metal undergoes 
some crystallographic disturbances which are 
reflected upon the orientation of the structure. 
Here also the determination of individual grain 
orientation proves to be useful in the study of 
these disturbances and orientations. 

In such studies of plastic deformation, tex- 
lures and recrystallization, the microscope is com- 
mon'y used to examine the structure and make 
stain counts. It would be of advantage, from the 
standpoint of simplicity and rapidity, to determine 
rain ortentation at the same time, provided an 
“ecur ite method were available. 


The method of etch pits, described by Barrett 
and Levenson in Transactions of the American 
Institute of Mining and Metallurgical Engineers, 
V. 137, 1940, p. 76, is simple and accurate. The 
application, however, is difficult when the grain 
diameter is of the order of 1004 or smaller, as is 
true for commercial aluminum sheet with good 
deep drawing characteristics. Etch pits are clear 
cut in pure aluminum. This has been demonstrated 
from time to time by several investigators and 
recently by Beaujard and Lacombe (Journal of 
the Institute of Metals, V. 74, 1947, p. 1). How- 
ever, for certain aluminum alloys, etch pits are not 
clear in outline; because of selective attack and 
deposition of certain elements or compounds, the 
structure is not exposed in its entirety. 

Revelation by Anodic Films — Grain orienta- 
tion may be observed with a microscope if a layer 
of the metal is transformed into an optically active 
film for example, by anodic oxidation of alumi- 
num. In sensitive tint polarized light, selective 
wave-length extinction occurs and the color of the 
film changes with angular displacement. This 
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phenomenon has been used by many, in particular 
by the petrographers, and has attracted the 
attention of metallurgists on several occasions. 
Recently, Beaujard and Lacombe* and K. Huber 
and A. Gauglert demonstrated the optical aniso- 
tropy of anodic films on aluminum and the varia- 
tion from grain to grain of the observed 
bi-refringence of the film. 

The bi-refringence and the apparent relation- 
ship between the optical characteristics of the film 
and the substrate orientation had been observed 
in our laboratories for some time. We decided 
to investigate them further in an attempt to find a 
method that might enable rapid and accurate 
determinations of grain orientation. 

For the method to be successful, several con- 
ditions must be fulfilled, namely: 

1. Optical activity of the film. 

2. Fixed structural relationship of grain and 
film. 

3. Reproducibility of films. 

4. Ability to determine the optical character- 
istics of the films and their relationship to the 
substrate orientation. 

As a result of this research a technique has 
been worked out which will readily reveal indi- 
vidual grain orientations of aluminum and _ its 
commercial alloys. (As the work progresses, more 
information will be made available on the quanti- 
tative determination of grain orientations.) The 
method is applicable not only to aluminum, but 
also to any other metal, provided a film may be 
formed whose optical properties are related to the 
substrate orientation. 


Preparation of Specimens 


The film or coating is applied, in general, to 
a surface which has been polished either mechan- 
ically or electrolytically in the conventional 
manner for metallographic examination at high 
magnification. 

Mechanical polishing may be performed 
according to a number of different techniques. 
The one applied for the samples which form the 
cover design on this issue of Metal Progress is as 
follows: After grinding successively on the No. 2, 
0 and 000 metallographic emery papers, samples 
are polished on a rotating wheel covered with 
“Selvyt” polishing cloth, using “Carborundum 
Finishing Compound, Grade H-46 Medium”, sup- 
plied by Canadian Carborundum Co., Ltd., of 
Niagara Falls, Ont. For the final polish Merck’s 

*Journées des Etats de Surface, Paris, October 
1945, p. 44; Commission Technique des Etats et 
Propriétés de Surface des Métaux, Paris, 1944, p. 73. 

tHelvetica Chemica Acta, VY. 28, 1945, p. 146; 
Experientia, V. 3, No. 7, 1947, p. 227. 


“Reagent Grade Magnesium Oxide’, low in sul. 
phate, mixed with distilled water and screened 
through a 150-mesh sieve, is used on “Miracloth” 
Electrolytic polishing often saves considerable 
time as compared to mechanical polishing and als 
may be used for preparation of the surface prior 
to the application of the anodic film. An electro. 
lyte quite suitable for such samples as we ar 
studying is of the following composition: 


Orthophosphoric acid, 85% 70% 
Distilled water 2.5/ 
Diethylene glycol monoethy! 

ether (“Carbitol’’) 26.5% 
Hydrofluoric acid (48%) 1% 


The electrolyte is maintained at 20°C. The 
sample to be polished is made the anode. Using 
a potential of 50 volts, the current density will 
rise after a few seconds immersion to about 6 amp 
per sq.in. By proper agitation this should then 
drop to about 2'2 amp. per sq.in. and be held 
there while polishing proceeds. The lengjh o 
time required for polishing varies with the surface 
condition before electropolishing and may be from 
a few seconds to one or two minutes. Preliminary 
preparation of the specimen requires only that it 
be flat and free from very large surface scratches 
the as-rolled surface is usually quite suitable as : 
starting point. A surface ground with No. 
metallographic emery paper requires very little 
time to finish with this electrolytic treatment 
For some samples it may be advantageous to carn 
the mechanical polishing past the emery paper 
stage in order to shorten the electropolishing tim 
and thus produce a superior finish. 

The electrolytic etch, if one chooses to call | 
such, is essentially an anodic treatment whic! 
produces a film of aluminum oxide on the surface 
of the metal. The electrolyte is the same as useé 
for polishing; its temperature, 20°C., is als 
unchanged. The initial potential is approximate) 
20 volts. After the sample has been immersed ‘ 
few seconds, the potential is raised slowly to ° 
volts. On reaching 50 volts the current densil) 
will be found to be about 100 milliamperes pe 
sq.in., which gradually drops w.th constant volt 
age to approximately 50 milliamperes per sq.in. !! 
20 min. During the entire cycle, agitation of th 
solution is maintained by a mechanical stirre! 
The above current densities may be applied ! 
controlling the amount of agitation. While ‘ 
coating of sufficient thickness to reveal the gral! 
structure is developed after 5 min. of etching, th 
treatment is usually prolonged for 20 min. ! 
optimum results. At the end of the treatment th 
sample is washed, preferably in hot water, 30 
dried. It is then ready for examination 4+ 
explained later, if the anodic treatment is pr 
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il. longe, Striations appear on the oxide film, as 
ed shown in Fig. 2 at 300 < (upper right on cover 
” design) and Fig. 5 on this page. 

le (he film thus formed is uniform over the 
6 surface of any one grain. The thickness, however, 
Or varies from grain to grain and apparently is a 
0- function of the orientation of the grain. More- 
re over, there appears to be some relationship 


between the angle of a pore-like structure and the 
film thickness. It might be that the length of 





Fig. 5—- Cross Section of Anodic Coating Showing 
Shape and Depth of Striations in Anodic Coating Pro- 
duced by Unduly Long Electrolytic Etching. 500. 
Etched in diluted Tucker's reagent to show grain bound- 
: aries. The method of making the composite “Bostik 
‘008° mount for edge examination was described by 
indre Hone in Metal Progress for March 1947, p. 435 


pore-like units is constant from grain to grain; 
when the pores are vertical to the polished face, 
the film would then reach its maximum thickness; 
when the pores are at an angle, the film accord- 
ingly would be thinner. 

Color Photography The colored photomicro- 
graphs shown on the cover were taken on Ansco 
daylight film with a Bausch and Lomb research 
metallograph having a d.c. carbon are lamp. Dis- 
tilled water only was used in the cooling cell and 
ho color correction filters were required, Exposure 
: Was of the order of 1.5 sec., with the aperture 
diaphragm set at 1.5. Processing of the film was 

according to the recommendations of the film 
Manulacturer. 
‘he photograph showing striated grains was 
printed according to the “Kodak Dye Transfer” 
process; the other three were printed on Ansco 
“Preston” 





Mechanism of Revelation 


The examination is carried out in polarized 
light with crossed nicols. Without the anodic 
film only a black field is obtained, aluminum 
being optically isotropic. With the anodic film, 
light is at least partly re-established and it varies 
in intensity from grain to grain. On rotating the 
microscope stage, each grain undergoes a gradual 
change of light intensity, which is repeated at 
approximately 90° increments. The 
anodic film introduces some retarda- 
tion and it is evidently bi-refringent. 
The observed bi-refringence varies, 


Composite 
mount 


Striations however, from grain to grain and 
appears to be dependent upon the 

Anodic orientation of the grain. 
coat If a magenta tint retardation 


plate is inserted in the optical sys- 

tem, and if there is not an anodic 
99.2% Al film on the sample, the wave lengths 

of the light reaching the ocular are 
complementary to some wave length usually close 
to mercury-green. When the sample is covered 
with an anodic film, the total retardation changes 
and a different set of complementary colors 
reaches the eyepiece. Since the apparent 
bi-refringence varies with grain orientation, each 
grain appears with its own color. The color 
changes upon rotation of the stage. The color 
effect obtained by a thin anodic film on a sample 
of superpurity aluminum with randomly oriented 


grains is shown in Fig. 1, at 300 * (the lower right 
corner of the cover polarized light with crossed 


nicols and magenta tint insert). 

If the time of electrolytic etching is prolonged 
past a certain point, a striated structure is 
observed (Fig. 2 in upper right corner of 
the cover design at 300 X, lighted as described 
for Fig. 1.) On sectioning such a specimen, the 
striations were found to be grooves or channels, 
the depth of which was approximately equal to 
the width. This is illustrated in Fig. 5. The stria- 
tions add further evidence as to the directional 
properties of the film itself. In Fig. 2 (upper right 
on the cover), the direction of the striations may 
appear, off-hand, to be the same for grains of a 
similar color, but by closer examination some 
differences may be observed. In fact, although 
both the interference colors and the direction of 
the striations are related to the orientation of the 
substrate, each indicates the orientation of a dif 
ferent plane. 

In Fig. 5, it is worth noting that the charac 
teristics of the anodic film vary with the substrate 
orientation. The depth, number and direction of 
the surface grooves change at the grain boundary 
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Moreover, the pore-like structure changes sharply 
at the grain boundaries between the large central 
grain and its neighbors on right and left. 

Qualitative Determinations of Orientation — 
The grain orientation is revealed at least qualita- 
tively. Compare Fig. 1 (lower right on the cover) 

-superpurity aluminum without texture, each 
grain having a different orientation — with Fig. 3 
(upper left on the cover) representing at 75 X 
some 99.8% aluminum with a strong localized 
texture. Although the grains are equiaxed and of 
uniform size, groups of grains belong to certain 
preferred orientations, as is indicated by the 
generally similar color of some regions. Localized 
textures such as this are the source of “orange 
peel” (although grain size is fine), of selective 
deep chemical attacks, and of heterogeneity of 
stress distribution. 

This micrographic method is applicable not 
only to reveal localized or generalized textures, 
but to detect the initial stage of recrystallization 
in a plastically deformed system. In general, it is 
useful to bring to light any phenomenon which 


WITH THE WIDELY EXTENDED 

application of high-tempera- 
ture alloys, the identification of the 
various phases that may occur or 
arise after long service has recently 
been the object of increased study. 
Of particular interest, in this con- 
nection, has been the occurrence and 


X-Ray Identification of Sigma 


Phase in 25-20 Cr-Ni Stainless 


By W. J. Barnett 
Teaching Fellow 
and A. R. Troiano 


Pre fesse or of Metallurgy 


l Iniversity of Notre Dame 


involves grain orientation. For instance, in chill. 
cast aluminum a twinned structure is sometimes 
obtained, as is clearly revealed in Fig. 4, at 75 x 
(the lower left view on the cover). The photo. 
micrograph reveals that, within one single grain 
of crystallization, regions re-orient themselves jp 
a manner suggestive of twinning. 

Quantitative Determination of Orientation— 
Some semiquantitative determinations already 
have been obtained by using the striations (which 
are related to the crystallographic orientation of 
the substrate), or by fixing the extinction angle 
with reference to rolling direction or some similar 
axis of reference. Further information may be 
obtained from the interference color at 45° from 
the extinction angle; with the Bausch and Lomb 
metallograph the retardation may be measured by 
means of an elliptical vibration compensator, as 
described by A. F. Turner, J. R. Benford and W. J. 
McLean in Economic Geology, V. 40, January 
1945, p. 18. This sometimes permits the measure- 
ment of the coordinates of the pole of one plane — 
as, for instance, (100). 6 



























alleviates the often uncertain results 
of the present metzllographic pro- 
cedures and, when operative, allows 
a positive identification of a given 
microconstituent. This technique 
was developed primarily for the 
identification of the unknown phase 
found by Clark and Freeman (@ 














identification of the sigma phase, the 

brittle, complex Fe-Cr constituent 

in both ferritic and austenitic stainless steels. 
Reported here is an X-ray technique devel- 

oped for the identification of small amounts of 

the sigma in austenitic stainless steels, which 
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Transactions, V. 38, 1947, p. 148) 
in fine-grained 25-20 low-silicon type 
of Cr-Ni-Fe alloy. By its use the unknown phase 
was positively identified as sigma. 

A certain minimum concentration of a sevond 
phase is necessary for its characteristic lines to 
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appeir on an X-ray diffraction pattern. If this 
secoid phase is present in the alloy in less than 
this required amount, it can be positively identi- 
fied by increasing the effective concentration of 
this second phase on the surface of a sliver of 
metal used as test sample, whereupon the sensi- 
tivity of the X-ray diffraction method is increased 
and a clear pattern of the second phase may be 
obtained. 

A specimen of 25-20 austenitic stainless steel 
containing the “unknown” phase was received 
through the courtesy of C. L. Clark of the Timken 
Roller Bearing Co. Its chemical analysis is as 


follows: 0.11% C, 0.58% Mn, 0.75% Si, 0.009% P, 
0.610% S, 23.60% Cr and 20.65% Ni. The bar 
stock had been rolled into a 1l-in. round and fin- 








Fig. 1 -- Sample of 25-20 Cr-Ni Stainless With Iso- 
lated Particles of Sigma Phase. 500X. The black 
areas of Fig. 1b represent relatively deep pits, the bottoms 


of which are out of focus. By changing the focus to 





ished at a temperature sufficiently low to induce 
considerable strain hardening; after rolling it was 
normalized at 1700° F. and then heated at 1400° F. 
for 100 hr. 

\n X-ray sliver cut from the as-received stock 
was worked down to approximately ,j; in. diam- 
eler on fine emery paper and electrolytically 
etched for 5 min. at 4.25 volts and 0.7 amp. in an 
aqueous solution of ferric chloride (45 g. FeCl,- 
6H.O in 100 ce. H.O). A nickel strip served as 





) . 
Prejerential removal of groundmass of an alloy 


clent’y high concentration of a second phase at the surface so that 
it con be positively identified by Debye X-ray diffraction pattern. 


the precipitate are found standing in relief 
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Examination under the microscope 
revealed that large portions of the austenitic 
matrix were preferentially etched, leaving the par- 
ticles of the unknown phase in relief. The photo- 
micrographs illustrate the structure before and 


the cathode. 


after the special etch described above. 

A Debye pattern of the etched sliver (taken 
with chromium characteristic K-alpha radiation) 
definitely identified the unknown phase as sigma. 
The identification was completed by comparison 
with a diffraction pattern of a known 100° sigma 
alloy. 

It is hoped that further applications of this 
technique, or modifications of it, will be applied 
to the identification of other unknown phases. 
The method is simple and rapid. The total time 





Fig. 1b 


Special electrolytic etch described in text 











reveal the base of each pit, a multitude of particles of 


in much 


the same fashion as those that are evident in the 
plane of focus of the photomicrograph on_ the left 






for preparation of the specimen should not nor- 
mally exceed 15 min. For the specific experiment 
described here the method was relatively insensi- 
tive to the voltage and current but quite sensitive 
to the concentration of the electrolyte. 

This work was performed in preparation for 
an extensive investigation of the precipitation of 
sigma and other phases in high-purity iron- 
chromium alloys and commercial alloys with iron- 
chromium base. rs) 





may leave a suffi- 
























The Belgian originators of the process for electropolishing metallo- 
graphic specimens describe the make-up of the “‘standard” solu- 


tion of perchloric acid and denatured alcohol. It is capable of a 


good etch in 30 sec. 





Ir 1S SEVEN OR EIGHT YEARS since the present 

authors first drew attention to electrolytic 
polishing in a report giving all the details pub- 
lished in the Transactions of the Royal Flemish 
Academy of Belgium (Comptes Rendus de la 
Koninklijke Vlaamsche Academie van _ Belgie) 
following an address at the session held April 13, 
1940. Today this method is used by metallurgists 
in industry to a considerable extent. In America, 
for example, it has been used at least since 1942 
as shown in a note describing practices in the 
metallurgical laboratory of the Denver and Rio 
Grande Western R.R. published in Metal Progress 
for August of that year. 

We believe, however, that the method will be 
exploited more in the future because of its great 
simplicity and rapidity. Working in the pre- 
scribed limits of current density, one can obtain 
good results consistently, provided the electrolyte 
is stirred or agitated sufficiently. 

The electrolyte is a solution of perchloric acid 
and ethyl alcohol denatured with ether (which 
probably plays no role in the process). The entire 
range of compositions of such solutions has been 
explored and it has been found that the optimum 
mixture consists of one part HClO, (sp.gr. 1.25, 
20° solution) and four parts denatured ethanol, 
and this has been adopted as our “standard”. 

Other alcoholic solutions based on sulphuric 
acid, nitric acid, phosphoric acid, and ferric 
chloride (the latter being the best of the group) 
give some polishing action, but none compare with 
the standard solution given above. ' 

Two other factors are of importance: 

Current Density. Depending upon the metal 
or alloy, the current density should run between 


They exhibit several examples of the results. 


Rapid Eleetropolish and Etech 
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2 to 6 amp. per sq.cm. (0.3 to 1 amp. per sq.in.). 
This corresponds to a potential drop of the order 
of 70 to 80 volts or more, depending upon not 
only the current density but the distance between 
electrodes. 

Agitation of the Bath. Because of the exces- 
sive heat generated by the high current densities, 
it is necessary to agitate the electrolyte vigorously. 
If the bath is not stirred, enough heat is developed 
in the neighborhood of the anode to boil the solu- 
tion, interrupting the flow of current and stopping 
the polish. In addition to brisk stirring, work on 
an industrial scale requires a generous volume o! 
electrolyte and an adequate cooling arrangement 


Mechanism of the Action 


The theory of the mechanism of electrolytic 
polishing is of interest. We intend to report later 
on an investigation of this subject and in the pres- 
ent article we will confine ourselves to stating 
four conclusions which we have drawn from it. 

There are two theories on the subject: That ol 
P. Jacquet, who attributes the polishing proper 
the formation of an anodic film of high ohmic 
resistance, and that of W. C. Elmore, who main- 
tains that the polishing is due to a concentration 





By Albert De Sy 


Professor of Metallurgy and Metall. graphy 


and Herman Haemers 
Laborak ry Assistant 


’ - f 7 > 
University of ( thent, Belgium 




















gradient in the anodic film formed during elec- 
The general form of a curve 
I=f (v) 

of current I versus voltage v starts with low cur- 
rent and voltage values, both values increasing 
with time until a maximum is reached, whereafter 
the current remains steady while anodic brighten- 
ing occurs even though the voltage is materially 
increased — that is, the curve flattens out. 

1. The potential drop developed when oper- 
ating in the flat part of the curve, I =f (v), is due 
to the anodic drop in potential. This was deter- 
mined by local measurements of potential at the 
anode and cathode. It should be noted that the 
conditions under which our method of electrolytic 
polishing is conducted do not correspond to the 
level part of the curve I =f (v). 

2. Elmore’s equation — that i, \/t is constant, 
where i, = current density, and t= time in sec. 


tro! \ SIS. 


Very Pure Aluminum, 900 x 





Duralumin*, 450 x 


3. For a solution to be suitable for electro- 
lytic polishing, the anodic products should be 
quite soluble in the electrolyte. For example, in 
electropolishing iron by the De Sy-Haemers 
method, FeO, is formed and this is very soluble 
in alcohol. 

4. Ether has no effect on the mechanism by 
which polishing occurs. Its presence in the alcohol 
is simply a matter of price; pure alcohol gives the 
same results. 


Applications 


The standard solytion (1 part 20% perchloric 
acid to 4 parts ethyl alcohol) is suitable for polish- 
ing a number of metals and alloys, such as iron, 
all grades of carbon steels, practically all types 
of special steels including high speed steels and 
18-8 stainless steels, white cast iron, aluminum 


Y Alloyt, 450 





Aluminum and Aluminum Alloys; Samples Prepared on No. 0 
Emery Paper, Polished 15 Sec. at 1.5 Amp. per Sq.Cm. 


between the first application of current and the 
attainment of the final potential drop — has been 
verified and found to be exact. We found, how- 
ever, that in using small values of i, when operat- 
ing on the flat part of the curve, scarcely any 
polishing was obtained, but rather an exaggerated 
attack. Along these lines, we found that the thick- 
ness of the high resistance anodic film should be 
from 25 te 40 microns for successful polishing. 
If the thickness was less than this value (as occurs 
for small values of i,) then the sample was vig- 
orcusly attacked. 

*Duralumin has 4% Cu, 0.5% Mg, 0.5% Mn. 

Y Alloy has 4% Cu, 1.5% Mg, 2% Ni. 





and all its alloys 
than 2% silicon), lead and lead-tin alloys, and 
certain zinc alloys. Examples of photomicrographs 


(‘except those containing more 


of specimens polished in perchloric-ethanol are 
shown in the accompanying half-tones. 

The only important variable to be considered 
in polishing such a wide variety of alloys is the 
current density; this should run between 0.5 and 
6 amp. per sq.cm. for iron alloys, between 1 and 4 
for aluminum alloys, and between 0.5 and 2 for 
lead, tin and zine alloys. 

Some investigators have found that some 
very mild steels and 18-8 stainless steels contain- 
ing titanium will develop a number of black spots, 
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Mild Steel (0.18% C) 





Hadfield’s Steel (14% Mn) 


Stainless Steel (18-8) 


“2 | 
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Micrographs of Steels at 450X Prepared on No. 1 Emery Paper and Polished 20 Sec. at 3 Amp. per Sq.Cm. 


having the appearance of pits, when polished by 
this technique. It is evident, however, that such 
defects are inherent to the metal and not a result 
of the polishing method (though, to be sure, they 
are accentuated by electrolysis). This should be 
regarded as an advantage of the method, for is it 
not one of the purposes of micrographic inspec- 
tion to reveal defects in a metal, rather than cover 
them up? 

In the very low carbon “steels”, such as 
Armco iron, the pits are particularly numerous if 
the metal has been deoxidized with aluminum. 
This is easily explained. Since electrolytic polish- 
ing is an anodic dissolution, solubility in itself is 
not a decisive factor, but the important point is 
rather the potential difference between the base 
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metal and the second phase (whether it is a ccn- 
stituent or an impurity). 

This point is worthy of further discussion. 
Two cases can be distinguished: Either the second 
phase is anodic or less noble, or it is cathodic or 
more noble. In the first case the second phase will 
be preferentially attacked and the intensity of this 
attack will be in direct proportion to the potential 
of the local cell; thus, silicon selectively dissolves 
in aluminum-silicon alloys. In the second case 
the base metal is deeply attacked around the more 
noble inclusion. This happens in the base metal 
surrounding a graphite lamella (in gray cast iron 
or malleable iron), or around a nonmetallic inclu- 
sion such as Al.O, or SiO,. Thus the presence of 
the second phase is exaggerated, the more so when 





Two Micrographs of Ingot Iron, Illustrating Differences in Inclusions (Deoxidation Practices). 
Both samples prepared on No. 1 emery paper, polished 20 sec. at 2 amp. per sq.cm. 500 X. 
At left is iron deoxidized by slag action in furnace; at right is iron deoxidized with aluminum 
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current density is high or electrolysis is long con- 
tinued. Intermetallic compounds can be less noble 
for example, CuAl, in aluminum-copper alloys) 
er more noble (carbides in iron or Al;Mn in 
aluminum-manganese alloys). 

The lower pair of figures on p. 370 show the 
microstructure of two grades of Armco iron 
(99.9% pure). The first was melted in an open- 
hearth, deoxidized by diffusion under a limey slag, 
and required only a small addition of aluminum. 
On the other hand, the second, at right, was melted 
in a high frequency induction furnace with no slag 
covering and was deoxidized with a large amount 
of aluminum (0.24%). Comparison of the two 
micrographs is instructive. 

We believe, therefore, that electrolytic polish- 
ing is especially suited to the preparation and 
examination of extra mild steels. In the same way 
we feel that the method is particularly well 
adapted to estimate the degree of purity of 
so-called pure aluminum. 

Naturally, if it is desired to repress an exag- 
geration of nonmetallic inclusions, the current 
density and etching time can be cut down, but 
this means that the sample should be given some 
preliminary preparation by hand on polishing 
wheels or on emery papers (0 to 1F for iron alloys 
and 00 to 0 for aluminum alloys). 

Danger of Explosion — It has been pointed out 
occasionally that the perchloric acid in these elec- 
trolytes is a potential explosive. For the standard 
solution described above, the danger is practically 
nil. We have consistently removed samples dur- 
ing electrolysis to see whether the sparking would 
cause an explosion; nothing ever happened even 
though the specimens were mounted in bakelite. 
(Mounting in bakelite actually represents poor 
practice as far as electropolishing of the metallic 
sample is concerned. Such tests did, however, set 
up a vigorous reaction between the bakelite and 
the solution, and the attack of the bakelite was 
accompanied by a slight crackling.) 

It has also been suggested that any contact 
between bismuth and perchloric acid solutions is 
dangerous. We have never noticed the least indi- 
cation of danger with the recommended electrolyte. 

Preparation of the solutions requires no spe- 
cial precautions; only a small amount of heat is 
developed on mixing, since the total amount of 
pure perchloric acid is not in excess of 4%. 

During the polishing of iron-bearing samples, 
the perchloric acid dissociates and the solution 
will be spent after considerable use, being con- 
verted to ferric chloride and alcohol. Even in this 
Stale the bath will still polish (for the reasons 
outlined in the above paragraphs discussing 
theory”). The results, however, are mediocre. © 


This department, “Bits and Pieces”’, 
welcomes notes concerning new ways of 
doing things to metals, either in shop or 
laboratory. An @ book of your choos- 
ing (other than the Metals Handbook) 
is the reward for a publishable item. 





Bits and Pieees 





Marking of Lucite Mounts 


i phaose'esite suggestions for identifying lucite 

metallographic mounts have been considered 
in previous issues of Metal Progress. Here at 
Cleveland Graphite Bronze we find that ink made 
of methylene chloride with a little dye serves very 
well. The ink is applied with a “Speedball” pen 
and dries instantly. Since the methylene chloride 
is a solvent for lucite, the marking is permanent 
and is unaffected by subsequent immersion in an 
etching solution. 

Methyl! violet mixed with methylene chloride 
is very satisfactory. In fact, other dyes may be 
used and may form a ready means of identifying 
different classes of alloys. The markings resist 
erasure and any ordinary abuse encountered in 
the laboratory. (Josepn F. Cerness, metallurgist, 
The Cleveland Graphite Bronze Co.) 


Convenient Temporary Mount 


oe has often been experienced in making 

temporary mounts for small metallic speci- 
mens — say from 0.07 to 0.12 in. diameter. This 
is especially true for preparing the sample for 
hardness testing with the diamond penetrator, 
owing to the nature of the examination and test 
—that is, the type of specimen being in cross 
section. This difficulty has been overcome by 
dismantling an ordinary 5-amp. “one way” local 
switch and making a small support from one of 
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the terminals. This is shown in the adjoining 
sketch. 

The specimen is inserted into the terminal 
just as the electrical wire is fitted, the screw is 
then tightened, thus holding the specimen firmly. 





~ Brass Terminal 


The specimen is then sawed off flush with the 
top and bottom of the holder, and the surface 
prepared for microexamination or hardness test- 
ing in the usual way. (HENRY THOMPSON, Research 
Department, British Ministry of Supply, Steel- 
works, Barrow in Furness) 


Etchant for Welds 


| psec some work on recrystallization and 

annealing of 52S aluminum alloy for Rey- 
nolds Metals Co., it became necessary to reveal the 
crystals of the treated metal, whose surface had 
originally been in the “cold rolled polished” con- 





Fig. 1 — Intrusion of Pure Aluminum From Clad- 
ding Into Weld Nugget in Alclad 24S Sheet. 500 < 


dition. Various of the listed etches were tried, but 
none were able to provide sufficient grain contrast, 
Experimentation showed that a solution contain- 
ing one third each of water, hydrochloric acid and 
hydrofluoric acid would give the desired results 
after a few minutes’ immersion. Directed reiflec- 
tions from the facets of the randomly oriented 
grains caused pronounced contrast. When the 
solution had lost its strength, addition of hydro. 
fluoric acid replenished it. This was _ possible 
only once or twice. 

Recently, at the Naval Air Experimental Sta- 
tion, the same solution was tried on seamwelds 
in 2S, 3S, 52S and 61S aluminum alloys. The 
crystal structure of polished cross sections was 
revealed with more than sufficient detail for exam- 
ination and photography at 13 diameters. This 
detail also was obtained by oriented reflections 
from the crystal facets. 

We next decided to adopt the etch for photo- 
micrographic specimens. The original solution 
was diluted with three parts of water making the 
working composition 10 parts of water and one 
part of each of the acids. Figures 1 and 2 at 500 » 
depict 24S when etched with this solution. Introv- 





many 


Fig. 2—Grain Contrast (500 X) 
on Etched Surface of 24S-T Sheet 


sion of the alcladding into the weld nugget is 
shown in Fig. 1, while Fig. 2 illustrates the grain 
contrast obtainable with this solution on 245-7 
sheet. When used to etch surfaces for microscopic 
examination, the detail is portrayed by differentia! 
etching of lines and areas of varying impurilies 
(GerRARD H. Boss, Aero Materials Laboratory. 
Philadelphia Navy Yard) 
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Proper Photography of 
Hardened Zones 


| \NY STEEL SAMPLES containing hard 
\ and soft areas may be best differ- 
entiated on prepared surfaces, etched in 
picral or nital, by using reflected light 
from a diffused source set up similar to 
the right-hand sketch of the pair shown 
herewith. The two macrographs are of 
the same sample and demonstrate the 
differences obtained by a direct photo- 
graph (camera set normal to the object's 
surface) as compared to setting either 
the sample or camera at an appropriate 
angle so that the hardened surface 
reflects light from the diffused source. 
General Electric R-2 Photoflood lamps 
were used. This technique makes the 
fully hardened portion, which was not 
darkened by etching, appear white (as 
shown at the right), whereas the 
straight-away method of photography 
makes the hardened area appear dark 
and gives a false impression (as shown 
in the left photographic illustration). 
(Joun J. GipBons, photographer, Metal- 
lurgical Dept., Carnegie-Illinois Steel 
Corp., Youngstown District Works) 


White Background 
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Rapid Mounting of Specimens 


(pe it is necessary to mount a few specimens in 

a hurry, for a fast microscopic check, and I have found 
a simple way of doubling the speed of the ordinary method. 
First of all a few alterations have to be made in the standard 
(Buehler) equipment: 

1. Machine the base plug to % in. 

2. Make a second base plug of the above size. 

3. Remove about 2 in. on center plug for clearance. 

We are now ready to mount our samples. Proceed as 
in the usual manner for making mounted specimens, but 
pour only 17 cc. of bakelite or other plastic into the mold. 
For clarification we will call this our “primary” mount. 
Next place your second base plug over your primary mount 
and duplicate the previous procedure. This is called our 
“secondary” mount. 

We now place the ram plug with hole for the thermom- 
eter into position, put on the heating jacket and apply the 
pressure. Maintain pressure at 7500 psi. until the tempera- 
ture has reached 250°F. Cool to 150°F. and remove the 
mounts. You now have two %-in. mounts which are satis- 
factory for all practical purposes. Time elapsed from start 
to finish, 20 min. 

Norte: It will be a simple job to make a container that 
will hold about 17 cc. of bakelite. 1 cc. of loose bakelite 
equals 0.02 in. molded. (T. J. Leprro, Materials Control 
Laboratory, Pratt & Whitney Aircraft Division) 


Grease Guard 


M ANY OF US no doubt have had the annoying experience of 
- brushing or leaning against the grease-covered lead 
threads for the adjustable cross-head on a Baldwin-South- 
wark testing machine. 

We solved this problem by slipping a two-foot length 
of four-inch stovepipe over the threaded column as a cover 
and allowing it to ride with the cross-head. The top edge 
was flared out slightly to prevent possible catching on the 
threads when raising the movable head. A coat of paint 
to match the machine completes the job. (T. S. Howa np, 
research assistant, Chase Brass & Copper Co.) 


White Background 
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Grand Prize: 


Subzero Transformation of Austenite 


By R. H. Hays 


M 


| 
el illographer 


Caterpillar Tractor Co. Peoria, Ill 


As Quenched From 2250° F. 





Le el 


A.S.M. Metallographie Exhibit 


All Indicated Transformation of Austenite to Martensite Was Produced by Local- 
ized Expansion of Surface, as no Additional Etch or Other Preparation Was 
Employed. The material was intentionally overheated to place all complex alloy 
carbides in solution with austenite. Analysis of sample: 59% Cr, 19% Mo, 1% C 
and 0.8% Mn. Etched after quench with chromic acid and aqua regia. 200 x 
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Identical Area After Cooling to 110° F. Below Zero 














Survival in the Atomic Age 


Extracts from Report* by the President’s Air Policy Commission, Thomas K. Finletter 
(chairman), George P. Baker, Palmer Hoyt, John A. McCone and Arthur D. Whiteside 


HILE the President’s instructions required 

the broadest kind of survey of all phases of 
aviation, we take up first the problem of the national 
security. 

We believe that the United States will be secure 
in the absolute sense only if the institution of war 
is abolished under a regime of law. World peace, 
however, is not yet in sight. Even the most opti- 
mistic view of the records of the United Nations 
organization does not assure us that it will develop 
in time the necessary authority and power to pre- 
vent another war. 

Where does security lie in a world in which war 
is the final resort for the settlement of international 
disputes? While armaments are not a guarantee of 
peace, reluctantly this Commission has come to the 
conclusion that relative security is to be found only 
in a policy of arming the United States so strongly 
that other nations will hesitate to attack because we 
will be able to smash the assault and because of the 
violence of the immediate counterattack. 

We believe that the defense of the United 
States must be based on air power. No challenging 
naval power exists today or can possibly exist for 
many years to come, except from the development 
of new submarine techniques. Atomic weapons will 
not long remain our monopoly but it would be an 
unreasonable risk to rely on other nations not having 
atomic weapons in quantity by the end of 1952. As 
to other more conventional weapons, no nation is 
likely to have in the immediate future piloted air- 
eraft capable of getting air supremacy over the U.S. 
mainland. While guided supersonic missiles of the 
German V-2 type are now impossible to intercept, 
such missiles of long range will probably not be 
available in operational form for from 10 to 25 
years. Subsonic guided missiles with a 5000-mile 
range and capable of being directed toward a city 
can be developed into mass-production stage within 
5 years. (These would be subject to a high rate of 
interception by a well-prepared defense, but pro- 
jected experience from the last war indicates that 
at least one third would get through in the early 
stages of the attack.) 

The Commission thus fixes the date by which 
we should have an air arm capable of dealing with 
a possible atomic attack at Jan. 1, 1953. The force 
we need by that date must have complicated defen- 
sive equipment (fighter planes, ground defense, 
radar warnings) but we also must have in being and 
ready for immediate action a counteroffensive force 





*“Survival in the Air Age’’, issued Jan. 1, 1948; 166 
pages; U. S. Government Printing Office; price 75¢. The 
result of a five-month study. 


built around a fleet of bombers, accompanying 
planes, and long-range missiles. It must be assumed 
that the war will start with direct attack, without 
warning, with atomic weapons, and of a violence 
difficult to imagine. Mass destruction would prob. 
ably be followed by air-borne invasion. 

The present Air Force consists of about 462,000 
personnel with 580 heavy bombers, 2300 fighters and 
7920 other aircraft in active status, divided into 55 
groups, and backed up by a reserve of 12,800 usable 
aircraft from World War II. This is supplemented 
by 5793 front-line planes operated by the Navy, 
plus about 5100 in support. 

We conclude that this establishment could not 
carry out the missions assigned to it as of Jan. 1, 
1953, because it is lacking in essential air units for 
effective combat action. By that time the minimum 
force must be built up to 12,400 modern planes in 
70 combat groups, 22 special squadrons, 27 Nationa: 
Guard Groups (3212 front-line aircraft) and 34 
groups of Air Reserve, all (with the exception of 
the last) equipped, trained and ready for immediate 
action. This plan includes 700 very heavy bombers 
for long range. Only by using the very best equip- 
ment and the latest techniques will so small a force 
be effective. (It is 5% of the number engaged in 
European combat during the war.) 

[Such a project for rebuilding the air arm 
involves many considerations concerning the mill- 
tary organization, aircraft and accessories manufac- 
turing industry, research into airframes and 
propulsion, and civil aviation, all of which are dealt 
with comprehensively in the report. | 

The increased activities must be started at once 
and completed by the end of 1952. The cost will be 
considerable. Annual appropriations for the national 
defense program of $10.1 billion in 1947-48 fiscal 
year should be increased by $1.3 billion annually, 
reaching an estimated $18 billion in the 1952 budget, 
substantially all of the increase being for research, 
development and construction of new types of air- 
eraft and propulsion, modernizing of Army and 
Navy Reserves, and the increase in necessary flying 
and ground personnel. 

This Commission does not believe that we will 
ever have an adequate military establishment unless 
the people of the country know fully what the inter- 
national military and political situation is, what 
kind and size of military, air and naval force is 
necessary if we are to be ready for that situation, 
and how much it will cost to have this force. These 
facts are known by all foreign governments, but 
there is now no procedure in our own government 
for systematically informing our people about them. 


Presentation of verbatim extracts from important contemporary documents concerning atomic energy does 
not imply that the Editor agrees with the opinions quoted, nor that they are expressions of A.S.M. policy. 
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The third of a series of studies of fresh cleavage planes in brittle 


metals, where the untouched facets are examined under high power 
microscope for evidence concerning the mechanism of fracture. 





Fractographie Structures 


in Antimony 





TWO PREVIOUS PAPERS in Metal Progress for 

August 1946 and March 1947 presented the 
cleavage patterns found at high magnification in 
bismuth and in zine, respectively, using the micro- 
scope technique referred to as “fractography”. 
Here we shall examine patterns found in antimony, 
another metallic element which readily develops 
facets especially suited to the technique. The 
facts and photograph presented were accumulated 
during a study, in the senior author’s laboratory, 
sponsored by the Office of Naval Research (to 
which acknowledgment is due for permission to 
publish). 

Like bismuth, antimony has a rhombohedral 
(A7) structure with each atom surrounded by 
three nearest neighbors. Its lattice constant is 
a 4.49764 at 25° C. and its axial angle is 57° 6.5’. 
Its general occurrence is massive, lamellar, and 
markedly cleavable. Cleavage on the hexagonal 
axes (0001) is highly perfect, but secondary cleav- 
ages also occur, as will be demonstrated in this 
paper. The hardness of antimony is 3 to 3.5 on 
Mohs’ scale; its density is 6.22 g. per ce.; its lustet 
inetallic, color and streak tin white. In common 
with rhombohedral crystals, antimony twins on 
(0112). Slip, which is much less common than 
twinning in antimony, occurs on the basal cleav- 
age plane, 

Material _—_ Specimens were prepared from 
‘ommercial “C.P. Antimony Lump” having the 
following analysis: 99.83% Sb, 0.04% S, 0.035% 
As, 0.035% Pb, 0.015% Fe and 0.01% Cu. Fracto- 
sraphs were obtained from this material, as pur- 


chased, and from remelted and specially treated 
samples, as will be described. 

By means of a specially designed “fracto- 
graphic stage” built by the Bausch and Lomb 
Optical Co., the specimens were mounted, studied, 
and photographed in the as-fractured condition 
(unetched and unpolished) as described in the 
previous papers, and more in detail in the original 
paper “Fractography a New Tool for Metal- 
lurgical Research”, by C. A. Zapffe and M. Clogg, 
Jr., Transactions @, V. 34, 1945, p. 71. Effects of 
light and shadow were attained with oblique illu- 
mination, which serves here in photographic 
principle much as an etching agent does in con- 
ventional metallography in affording differentia- 
tion of surface contour. 

If antimony is fractured slowly, as by squeez- 
ing in a vise, local rupturing forces are held to a 
minimum by dissipation along planes of greatest 
weakness, and cleavage is primarily basal. Under 
conditions of more rapid fracture, as by impact, 
local forces may develop which also exceed 
cohesion across other planes, and a great propor- 
tion of the cleavage may be secondary, along 
pyramidal planes. Two distinct types develop, 
which will now be separately illustrated. 





By .. A. Zapf{le 
and F. K. | andgraf Jr. 
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bands cross the badly deformed area near the cen- 
ter of the fractograph. In general, fractographs 





concern intragranular structures, the grain bound. . 
aries lying well out of the field of view, and Fig. 2 | 
undoubtedly shows a grain which first developed P 
twins in plastic response to deformation, then th 
failed by cleavage. th 
St 
Twins Within Twins 
Occasionally a complex twin structure is re 
observed, such as that in Fig. 3. Taken at very mi 
high magnification, the fractograph shows what = 
appears to be twins within twins. However ag 
hesides the expected occurrence of 60° markings ing 
there are also markings at 90°. This would seem a 
to require twinning on at least two families of co 
planes, since any single pyramidal or prismatic ex] 
set would develop only 60° traces on (0001 ma 
While the present preliminary study does _ not fin 
attempt to solve rigorously the patterns that ar ing 
presented, the suggestion will be made that this ay 
4/ is an instance of combined Type I {1012} end the 
; Type IL {1122} pyramidal twinning. For example, 240 
(1012) intersects (1212) at 90° on (OOO1). (See 


Fig. 1 Primary Cleavage of Antimony, Show- 
ing Twin Bands (Parallel Markings Slightly 
Inclined to Horizontal) Overlying a Succes- 
sion of Basal Facets. Pure metal, as cast. 100X 


Primary Cleavage (Basal) First, we 
shall discuss primary cleavage patterns and 
the structures observed upon the (0001) 
plane. Figure | presents a typical example. 
Cleavage here is’ principally basal, though 
imperfectly so, skipping across a small range 
of lamellar levels. Overlying the succession 
of basal facets are markings which, on the 
basis of established crystallographic charac- 
teristics of antimony, can be rather certainly 
identified as twin bands (the parallel bands 
slightly inelined to horizontal). The crystal- 
lographic indices cannot yet be ascertained, 
since only those of one direction show. 

Another striking view of these markings, 
henceforth presumed to be twin bands, which 
abound on basal cleavage facets, appears as 
dark streaks diagonally across Fig. 2. Here a 
second and even a third set of the twin family 
can be seen as brightly illuminated lines hav- 
ing the expected equilateral triangular place- 
ment for this system. Also note that the 


hig. 2 Primary Cleavage of Antimony Re- 


vealing All Three Directional Sets of the Twin 
Family. Note twins crossing disorganized area 


near center, Pure antimony, as cast. 50 
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“Structure of Metals”, by C. S. Barrett. McGraw- 
Hil! ik Co., 1943.) 
istly, there is a particularly impressive dis- 
play ol twinning in Fig. 4. Note the “tailing” of 
the gray bands as they approach intersection with 
the more steeply faulted regions, indicating their 
suisequent formation. Striations are also definitely 
visible in one direction, and suggested in the other 
two. In the investigation of bismuth (Metal Prog- 
ress for August 1946) striae were subtle surface 
markings ascribed to reorganization of a thin 
surface layer at the instant of separation by cleav- 
age, the newly formed surface possibly experienc- 
ing a transient liquid-like condition which leaves 
a superficial overlayer having crystallographic 
conformation. Here again the authors prefer this 
explanation to the possible alternative that the 
markings represent either slip or twinning on a 
fine scale, and the probability of striae represent- 
ing a stress pattern seems unlikely because of the 
crystallographic conformity of the markings and 
their three-directional occurrence at angles of 120, 
240, and 360°. 
Transition Structure 
ditions of rapid application of stress, where local 
resolution of force may develop at an unfavorable 


Particularly under con- 


Fig. 3— Primary Cleavage of Antimony Re- 
vealing Twins Within Twins at High Magni- 


fication. Note the numerous markings, both 


cleavage and twin, some at 90° angles, in contrast 
fo the expected 60°. Pure metal, as cast. 3000 


angle to the basal plane and in sufficient magni- 
tude to overcome cohesion across another family 
of planes, a condition of secondary cleavage can 
develop in antimony. 

Preceding fractographs contain evidence of 
secondary cleavage, but only over minute inter- 
lamellar distances. In Fig. 5, the digression from 
the flat, basal cleavage is more pronounced, the 
fracture having covered considerable travel at an 
angle to (0001). This it does by step-wise separa- 
lion along alternating families of basal and 
pyramidal planes. Twins traverse this field and, by 
their offset from straightline progression, indicate 


Fig. 4 
Twin Bands “Tailing Down” as They Approach Inter- 
section With Grosser Markings, Which May Be Either 


Primary Cleavage of Antimony Showing Gray 


Cleavages or Twins. These gray bands are formed 
subsequent to the grosser markings. Striae also markedly 


overlie all structures; and these are presumed to represent 


final phenomena of surface tension at the instant of 


cleavage. Sample of pure antimony superheated to 


650° C. in purified helium and furnace cooled. 1250> 
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the considerable succession of basal levels exposed 


In Fig. 6, one observes a facet of pyraiida 





















by the fracture. A grain boundary is also evident cleavage. Basal cleavage seems absent, « cept ; 
at the left edge of the field as a wandering line possibly on a submicroscopic scale. The face; : 
bevond which the structures lie out of focus. photographed is rendered simultaneously in profi 
) Secondary Cleavage-- For some unknown rea- by the wide, black band denoting pyramidal cleay. . 
son, secondary cleavage is infrequently mentioned age on one of the two intersecting face groups ss 
in crystallographic descriptions of these metals. The strongly marked parallel lines measure abou de 
In the present study, specimens were found having 35° with the edge, in keeping with {1012} twinning ee 
observable pyramidal facets on three contiguous vit 
sides. Fractographs from each side were mounted of 
on a solid model, and the system was studied with re 
respect to the traces of the various markings on 
each of the three faces. The pyramidal cleavage che 
is clearly not the twinning pyramid, but measures a 
yoniometrically to be {1121}, or {1011}. Thus, pe 
cleavage occurs primarily along the base and sec- of 
ondarily along the faces of a pyramid {hk.1} hav- nal 
ing unitary intercepts, while twinning occurs 
along the faces of a similar pyramidal form having 
but a half-unit intercept on the C-axis. 
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Fig. 5 —- Combined Primary and Secondary Cleavage 017 
in Antimony. The twin bands progressing across the a 
whole fracture face give indication of the numerous basal Fig. 6 —- Secondary Cleavage on a Pyramidal Plane 4 ~ 
levels exposed by the fracture as it climbed from one to {1121}. Pyramidal separation on an intersecting se 4 
another by secondary separation on pyramidal planes. planes provides the profile at the heavy black band int Fi: 
{ grain boundary is also evident at the left edge of the figure and registers the angle of (1211) upon 1121 ow 
view, beyond which lie structures having separate orienta- Sample of pure antimony, superheated in purife EF. 
tion and proceeding rapidly out of focus. 300 X helium to 650° C., cast, and ingot air cooled. | (> 1 
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ing on a {1011} cleavage. These, then, are 


the ces of the twinning planes observed previ- 
wis!) on basal registrations. 


ill other markings can be found which are 
not solved herein and which suggest that there 
might exist a more complex combination of 
deformational factors than is indicated in the lit- 
erature. The authors are quick to confess that a 
rigorous solution of all markings remains to be 
offered. The present writing serves principally to 
report their occurrence. 

In concluding the presentation, Fig. 7, at right, 
shows at high magnification the immense detail 
within the secondary cleavage surface — the 
development of py ramidal faces, the outcropping 
of basal weakness, and the elaborately complex 
path of actual fracture. 


Conclusions 


While these observations leave several ques- 
tions unanswered, they also contain information 
which becomes especially evident upon referring 
lo the previous studies on bismuth and zine. 

First, although bismuth, zine and antimony 
have similar crystallographic features in that they 
similarly develop (a) basal cleavage, (b>) second- 
ary cleavage, and (c/ pyramidal twinning in pref- 
erence to slip, each can be readily distinguished 
from the other fractographically. 

Second, antimony develops under conditions 
of deformation (as do bismuth and zine) frae- 
tographically observable structures having the 
following order of formation: 

1. Twin bands, which accommodate initial 
plastic movement; 

2. Secondary cleavages, which, undoubtedly 
accompanied by initial basal cleavage, incept 
failure; 

3. Basal cleavage (sometimes superseded by 
secondary cleavage), which completes the separa- 
tion; and 

1. Striae, which are believed to represent 
crystallographic reorientation of a microscopic 
surface layer experiencing a transient liquid-like 
condition at the moment of separation. 

Third, all types and characteristics of defor- 
mation occurring in antimony can be found on 
the cleavage facet. These are tentatively identified 
as basal cleavage (and possibly slip) on (0001), 
secondary cleavage on the pyramidal {1121} and 
1011} or both, and twinning on the pyramidal 


1122) and £1012). 6 


Fig. 7 — Secondary Cleavage on ( 1121) at High Magni- 
fication, Showing the Immense Detail of the Cleavage 
Facet. Sample of pure antimony held at 350° C. for 
2 hr, and quenched in acetone and dry ice. 3500X 
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In Metal Progress last month the author described uniform attack or 
general corrosion, intergranular corrosion, and pitting (three of the 
eight forms of corrosion). In this installment of the entire discussion, 
two more common forms are considered and the palliatives briefly noted. 





Galwanie Corrosion and 


Coneentration Cell Corrosion 





WHEN TWo dissimilar metals are in contact 

with each other (or otherwise electrically 
connected) and exposed to a corrosive liquid or 
conductive solution, a potential is set up between 
these two metals and a current flows. Corrosion 
of one metal is often accelerated and the other 
decreasec, as compared to the behavior of these 
metals when they are not in contact. The historic 
voltaic cell and the ordinary dry-cell battery are 
examples of such action, planned to produce cur- 
rent. Because of the electric currents and dis- 
similar metals involved, this form of corrosion is 
called “galvanic” or “two-metal” corrosion. 

The emf. (electromotive force) series shown 
in Table | should be familiar to all metallurgists, 
chemists and chemical engineers. As far as 
galvanic corrosion is concerned, this series gives 
an indication of the potential that should exist 
when any two of the metals are connected. In 
addition, it tells us that the metal higher up in the 
series will suffer and the lower one will be pro- 
tected. The further apart the metals in the series, 
the greater is the potential and the greater the 
likelihood of galvanic attack. For example, mag- 
nesium and copper represent a bad combination, 
with corrosion of magnesium greatly accelerated. 

In general, the electromotive series also indi- 
cates the corrosion resistance of the elements. 
The metals high in the series are less resistant and 
more active chemically than the lower ones. The 
elements above hydrogen tend to oxidize readily, 
as shown by the fact that these elements are found 
in nature as oxides, sulphides, or other compounds. 


Those below hydrogen, such as copper, silver, and 
gold, often exist as metals in the natural state. 

The plant man or corrosion engineer, however, 
usually has only academic interest in the ent. 
series because it is the condition of the metal or 
alloy surface under actual exposure that deter- 
mines whether the material corrodes. For exam- 
ple, chromium occupies an unfavorable position 
in the emf. series, yet this element is a good metal 
for bright plating and is the major constituent of 
the stainless steels. Aluminum is near the top of 
the series, yet is widely used for exterior architec- 
tural trim and for the construction of domestic 
utensils and chemical process equipment. 

The phenomenon of “passivation” is one ol 
the reasons why metals and alloys behave differ- 
ently than the positions of their elements in 
Table I would indicate. Passive surfaces on mel- 
als and alloys show more “noble” characteristics 
than the metals themselves -— “noble” meaning 
better corrosion resistance. The behavior of a meta 
can be markedly changed because of numerowy 
surface reactions, such as oxide formation, the 
presence of physically or chemically adsorbed 
gases, or adherent corrosion products. — If one 





By Mars G. Fontana 
Professor of Metallurgical Engineering 
Director, Corrosion Research Laboratory 
Ohio State | Iniversity 


Vetal Progress; Page 382 








> We 


Ja 


hig! 
Wit! 
Ste] 
allo 
chr 





wists to predict the performance of a combina- 
tion of metals or alloys in contact, one should 
conduct tests on the actual materials in the spe- 
cific corrosion environment under consideration. 

\ galvanic series of more practical use is also 
listed in Table I. This listing is based largely on 
tests in sea water by the International Nickel Co. 
The metals and alloys grouped together in the 
table ean be used in contact with little danger of 
galvanic corrosion. Experience has shown that 
this series is of considerable value in predicting 
galvanic corrosion behavior in media other than 
sea Water. This fact does not eliminate the neces- 
sity of conducting corrosion tests simulating serv- 
ice, particularly if unusual media or conditions are 
anticipated. 

A number of the alloys are listed twice, once 
as “active” and once as “passive”. Unfortunately, 
it is necessary to conduct tests in the corrosive 
environment under consideration to determine 
whether the materials corrode actively or show 
practically no attack (passivity). It results that, 
although quite useful for predicting galvanic 
behavior, the practical series presents only a gen- 
eral picture. For example, the alloys trade-named 
Chlorimet* and Hastelloy are perhaps the most 
universally corrosion resistant alloys (except the 


high-silicon irons and the precious metals). 
Recognition of Galvanic Corrosion 


Galvanic corrosion can often be recognized 
by mere visual observation. The accelerated cor- 
rosion of the less noble metal is usually localized 
near the points of contact and often appears as 
grooves or deep channels. A good example of pre- 
mature failure of plant equipment because of 
galvanic corrosion is that of a shell and tube 
exchanger for heating process water (inside the 
lubes) by steam outside the tubes. The tubes and 
lube sheets were made of aluminum. Because of 
the length, a perforated support was placed in the 
center of the shell. Unfortunately, this sheet was 
made of steel. Examination of failed tubes showed 
srooves approximately %, in. wide in the alumi- 
hum at points of contact with the steel. The 
srooves eventually penetrated the walls, and the 
attack was so localized that the tubes looked as if 
they had been machined. Condensing steam pro- 
vided the electrolyte. In another instance involv- 
ing air conditioning equipment, the aluminum 

*Chlorimets are made by Duriron Co. and are 


high nickel-molybdenum alloys, some with and some 
Without chromium. Hastelloys are made by Haynes 


Stel Co. and are also basically nickel-molybdenum 
alloy some with additions of tungsten, silicon, 
chi um or copper, alone or in combination. 
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Table I— Galvanic Series of Metals and Alloys 





_ELEcTROMOTIVE SERIES PRACTICAL SERIES: 
METAL VOLTS MATERIAL OR ALLOY 
Corroded end (anodic or least noble) 
Magnesium:: 1.55 Magnesium 
Zine 
Aluminum: tae Aluminum 2S 
Cadmium 
. 0.76 \Steel or iron 
) Cast tron 
Chromium 0.56 13° Cr iron (active) 
Ni-Resist 
Sere \18-8S (active) 
Iron o.48 }18-8S Mo (active) 
. ‘ \Chlorimet 3 
Cadmium 0.40 ) Hastelloy C 
Cobalt 0.29 Lead 
Nickel 0.23 | \Nickel (active) 
jInconel (active) 
{Hastelloy A 
Tin** 0.14 'Chlorimet 2 
| Hastelloy B 
| Brasses 
Lead*: 0.12 | Copper 
Hydrogen 0.00 'Bronzes 
Antimony +01 | Copper-nickel alloys 
Monel 
Copper L084 \Nickel (passive) 
jInconel (passive) 
(Chromium iron (passive) 
Silver +O.8 18-88 (passive) 
118-8S Mo (passive) 
Gold + 1.36 Silver 
Gold 
Platioum 
Protected end (cathodic or most noble) 











lubes in the heater were equipped with brass 
fittings; the aluminum corroded rapidly in’ the 
areas adjacent to the brass. 

These examples indicate that the design engi- 
neer should be particularly aware of the possibili- 
ties of galvanic corrosion, since he often specilies 
the detailed materials to be used in equipment, It 
is often economical to use dissimilar materials in 
contact for example, water heaters with copper 
tubes and steel tube sheets. If galvanic corrosion 
occurs, it accelerates attack on the heavy tube 
sheet (instead of the thin copper tubes), and long 
life is obtained because of the thickness of the 
tube sheets. . Accordingly, expensive bronze tube 
sheets are not required. For more severe corrosion 
conditions, such as acidic solutions, the bronze 
lube sheets would be necessary. 

When the use of dissimilar metals is unavoid- 
able, it is possible to minimize the effects of gal- 
vanie corrosion by several methods, as follows: 
a) Use combinations of materials as close together 
as possible in the practical series; (b) insulate the 
joints (if complete insulation is not feasible, the 



























































use of paints or other coatings is helpful); (c) 
avoid large areas’ of the more noble metal, since 
this combination further accelerates the galvanic 
attack -- use the reverse ratio if possible; (d) 
increase the thickness of the less noble material 
—-for example, in fittings and tube sheets; (e) if 
paint is used for protection, paint everything, 
because if only the less noble material is painted, 
attack at pinholes or scratches in the coatings 
would be further accelerated because of the area- 
ratio effect (it may be desirable to paint only the 
noble metal — for example, steel fasteners for alu- 
minum roofing sheet); (f) avoid threaded joints 
because the thickness is reduced by threading at 
points in close contact with the noble metal, and 
failure is likely to occur at the reduced section. 


Cathodic Protection and Sacrificial 
Anodes 


The principles of galvanic corrosion are put 
to practical use by methods generally designated 
as cathodic protection, which often prolong the 
life of equipment by reducing or almost completely 
eliminating the corrosion that would normaily 
occur. Cathodic protection consists, briefly, of 
supplying an electric current, 
either external or by galvanic 


coupling, to a specific metal : ae 


surface in such a manner that 

the usual electrochemical cor- f 
rosion reactions are stifled or —~ ‘| : 
counteracted. =, 5 


The methods of cathodic 
protection fall into two general 
classes-—- (a) methods using 





posely and extraneously attached or connected to 
the equipment or structures involved. 

Galvanized steel (steel coated with zinc) js 
the oldest and most familiar instance of cathodic 
protection. The zinc is anodic and corrodes pref- 
erentially, and thus protects the steel. Bare spots 
on the steel surface, formed because of mechanica] 
damage or corrosion of the coating, are protected 
by the surrounding areas of remaining zinc. 
Household hot water tanks are protected by means 
of sacrificial anodes. Other examples include sub. 
marine hulls, tanker ballast tanks, and aircraft 
for marine service. 

A more recent development is aluminized stee| 

- steel coated with aluminum. This material was 
produced before the war, but normal development 
was retarded for the war years because of the 
shortage of aluminum. Aluminized steel should 
now find many industrial applications. 

Coatings of such metals as nickel and copper 
on steel would produce the reverse effects and 
accelerate the corrosion of exposed steel. (This, 
of course, does not run counter to the known 
advantage of bimetal sheets or tubes — often of 
copper or nickel and steel — where each metal has 
considerable thickness and the equipment is 
designed to present a complete 
surface of one metal to one cor- 
rosive medium, and the other 





surface of the other metal to 


e: A the other.) Alclad materials 
x ag are other examples — as will be 
as discussed in detail further on. 
me oles As far as chemical process 
re 8 equipment is concerned, per- 

Wek haps the most widespread use 











of cathodic protection involves 





sacrificial anodes and (b) meth- Si ae 





ods involving impressed cur- 
rents or potentials. In_ the % 
former, metals or alloys higher es: 
in the electromotive series than = 

those to be protected are elec- os 
trically connected or placed in B |S aw oe te 
contact with the equipment to 
be protected. In the second 








classification, a current is . eee 


applied by means of an external 
source of power. 

Sacrificial anodes are usu- 
ally made of zinc, magnesium, 
and aluminum, the relatively 
common metals at the top of the emf. series (or 
alloys of these metals), depending on the nature of 
the equipment to be protected. Such sacrificial 
anodes are designed so they can be readily 
replaced, when necessary. In other words, cheap 
parts to bear the brunt of the corrosion are pur- 








the protection of aluminum 
Sed bee equipment by means of zinc 
> strips. For example, zinc strips 
attached to the inside of an 
aluminum tank are used to pro- 
tect the vessel from corrosion 
by the liquid handled. Some- 
times the attach by the process 
ghd Pi: liquor is negligible, but the 
cooling water on the outside of 
the vessel is corrosive to the 
ee aluminum; in that event the 
strips are attached to the out- 
side of the vessel. Aluminum 
zine couples should be checked in the water /o be 
handled, because sometimes the galvanic effects 
are reversed in hot waters. 
Quite often a third metal is used to minimize 
the galvanic effects between two other mvtals. 
Figure 1 shows a zinc-aluminum-iron comin 
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tion wherein zine strips protect aluminum tubes 
from galvanic corrosion because of contact with a 
stee! tube sheet in a heat exchanger. Zinc anodes 
cannot, of course, be used in media which chem- 
ically attack or dissolve zinc — for example, dilute 
mineral acids. 

The spacing and positioning of the zine or 
other anodic strips are important because, in gen- 
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Fig. 1 — Zine Strips Attached to Steel Tube 
Sheets to Protect Aluminum Tubes From Gal- 
vanic Corrosion — Zinc to Steel Replaces Alu- 
minum to Steel (R. B. Mears and R. H. Brown) 


eral, the protection decreases as the distance from 
the anode is increased. 

A large amount of money is saved annually 
by the cathodic protection of underground pipe 
lines, such as the Big Inch, for transporting gas 
and oil across country. It might even be stated 
that such transport would not be economical in 
some sections of the country if cathodic protec- 
tion methods were not utilized. Protection is 
mandatory, particularly in damp soil, marshes and 
stream crossings. Zine, aluminum, and magne- 
sium anodes are used. In recent years the 
impressed-current methods have gained in favor 
in spite of higher installation costs. 

Alelad 3S — As an example of cathodic pro- 
lection, a recent development in connection with 
aluminum tubing is cited which should extend the 
se of this material. The comparatively new 
Alclad 38 consists of 3S aluminum tubing with 
in inner lining of 72S (an aluminum-zine alloy) 
Which is anodic to the 3S and, accordingly, pro- 
lect. the 3S tubing cathodically from corrosion. 


These tubes were first made by drawing a 3S tube 
over a 72S tube (no metallic bond between the 
two), but they are now made with a metallurgical 
bond having a 72S cladding on the inside of the 
tubes only. 

Aluminum possesses good heat transfer prop- 
erties and shows good resistance to organic chem- 
icals, waters, sulphur compounds, ammonia, 
concentrated nitric acid, hydrogen peroxide, boric 
acid, chromates, and many other common chemi- 
cals. As a result, aluminum tubing is widely used 
in condensers. In some, however, aluminum is 
pitted by water. Laboratory tests and some serv- 
ice experience have shown that the presence of 
72S in the Alclad 3S will increase the life of alu- 
minum tubing in corrosive water service from 
four to ten times. 

An example will serve: In one location an 
Alclad 3S tube was removed after two sets of 35S 
tubes had failed in the same exchanger. The 725 
liner showed several holes and corroded areas 
(about 10% had corroded away), but the 3S tub- 
ing underneath showed no appreciable attack. 
The bare or exposed 3S material was completely 
protected by the surrounding 72S. A conservative 
assumption would be that cathodic protection 
would be provided until 50° of the 72S had been 
removed by corrosion. On this basis the Alclad 35S 
tubing would show ten times the life of bare or 
unprotected 3S aluminum tubing in this particu- 
lar service. In another case where the 72S liner 
(not bonded) was ripped and damaged for several 
inches during the rolling-in of the tubes, the 3S 
tubing was still protected. To date, a_ large 
amount of Alclad tubing has been installed with 
favorable results. Similar results have been 
obtained with Alclad 3S sheet in other applications, 


Impressed Current 


When a metal corrodes in contact with an 
electrolyte, many anode and cathode areas are set 
up; current leaves the anode (which corrodes) 
and enters the cathodic areas, which tend to be 
protected. If current from an external source is 
applied so that current is entering the metal over 
its entire area or, in other words, if the local 
currents are neutralized or overcome corrosion 
is minimized. This, briefly, is the principle of 
cathodic protection by impressed currents, 

The direct-current power source could be 
windmill chargers, engine generator sets, or recti- 
fiers of various types, depending upon the location 
of the equipment or the pipe line and other eco- 
nomic factors. The anodes could be made of metal 
Available 
scrap iron or steel is often buried near the pipe 


or an inert material such as carbon. 


Varch, 1948; Page 385 

















line and used as the external anode. Many factors, 
such as conductivity of the soil, spacing and loca- 
tion of anodes, and current densities, have to be 
considered in these installations, and pipe-to-soil 
potentials must be carefully explored. 

A pipe line is a simple structure from the 
geometric standpoint and therefore readily amen- 
able to protection by impressed currents. Like- 
wise, ordinary tanks are easy to protect. For 
example, commercially packaged units are avail- 
able and quite commonly used on water storage 
tanks to eliminate interior painting and also con- 
tamination of the water. These installations 
usually require only a small amount of mainte- 
nance and care; but simply because of their dura- 
bility the maintenance men sometimes neglect to 
give them any care at all, with the chance that 
protection may be decreased or even vanish, 

Complicated shapes and structures, such as 
are found in a distillation column, are difficult to 
protect because of the complex electrical arrange- 
ment required. In general, cathodic protection is 
not applicable where the metal or alloy involved 
would normally corrode at a rapid rate. 


Concentration Cell Corrosion 


In the section of this article just finished 
on galvanic or two-metal corrosion were described 
the cell and current flow resulting from = con- 
tact of dissimilar metals. A somewhat similar 
situation obtains when only one metal is in contact 
with different concentrations in the environment. 
In other words, cells, current flow and potential 
differences exist on different areas of the same 
metal if this metal is in contact with different 
concentrations of a solution or liquid. For exam- 
ple, current will flow between two copper 
electrodes if one is placed in a solution of 5% 
hydrochloric acid and the other in 10% acid, the 
solutions being separated by porous cups. Local- 
ized attack resulting from these effects is desig- 
nated concentration cell or solution cell corrosion. 

Concentration cell corrosion is often associ- 
ated with crevices, scale, surface deposits and 
other conditions where the solution in contact 
with the metal is stagnant. Therefore it is some- 
times called crevice corrosion. 

Figure 2 shows two of the most common 
types of concentration cells. The top portion 
illustrates a metal ion concentration cell and the 
lower an oxygen cell. In the first, iron ions build 
up in the stagnant area in the crevice and corner 
so their concentration is greater than in the liquid 
somewhat removed from this area. <A_ similar 
condition exists in the situation indicated by the 
lower sketch, in that oxygen in the crevice is 


consumed by corrosion so that ifs concentrati n js 
lower here than in the body of the solution. 

These cells cause current flow or potential 
differences in adjacent portions of the steel plate 
and destructive action occurs. The area under- 
going corrosion is anodic and the surroundin 
area cathodic. Since the attack is .localized, the 
corrosion is further accelerated by the large ratio 
of cathode to anode areas. Metal ion and oxygen 
cells often exist simultaneously. 

The stainless steels are perhaps particularly 
susceptible to this form of corrosion. This is 
shown by failures in static solutions, often at 
threaded or gasketed joints. Loose gaskets often 
cause trouble. Incidentally, it is obvious from 
Fig. 2 that a butt welded joint is more desirable 
than a riveted lap joint, from the standpoint of 
concentration cell corrosion. 

One reason why the rate of pitting tends to 
accelerate, once it is started, is the formation of 
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Diagrams Showing Typical Conditions 


Fig. 2 
for Concentration Cells (International Nickel Co.) 


concentration cells between the pit and the adja- 
cent areas of the metal. The bottom of a pit is an 
almost ideal site for the formation of a concentra- 
tion cell. 

The design engineer and the maintenance 
engineer familiar with concentration cell corrosion 
could exercise precautions, as follow, to minimize 
failures and excessive corrosion of this form: (4 
Use butt welded joints with complete weld pene 
tration. (b) If lap joints cannot be avoided, seal 
the joints by welding or caulking. (c) Clean and 
seal existing joints. (d) Avoid sharp corner: and 
stagnant areas that would favor accumulation o 
deposits. (e) Clean equipment periodically. 2 
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in uddress delivered at Stevens Institute of Technology, Hoboken, N. J., 
on the occasion of the receipt of the fourth annual medal awarded by 
the Institute for outstanding achievement in the field of powder metallurgy. 





Industrial Application 


of the Powder Metallurgy Process 





AMERICAN INDUSTRY primarily the aulo- 

motive, farm implement and kindred indus- 
tries — early manifested a keen interest in powder 
metallurgy. Production and design engineers were 
and are desirous of building into their products 
materials and parts that offer higher quality, 
longer life, greater factors of safety, fool-proof 
performance, mass production manufacturing 
methods, and over-all economies. 

In the latter 1920’s, and because of the appar- 
ent potentialities of powder metallurgy, much 
study was given the heavy duty, self-lubricating 
Engineers in the Chrysler organization, 
with which I am connected, tackled the problem 
and established the Amplex Division for its manu- 
facture. The first application of so-called “Oilite” 
Was the clutch pilot bearing, a unit that is inacces- 
sible after assembly and located in the flange of 
the crankshaft. This bearing cost about 5¢, but 
the cost of a lubrication job on it was $3.50, and 
had to be repeated frequently. Oilite, the oil 
cushion, self-lubricating bearing provided trouble- 


bearing. 


lree performance for the life of the ear. 

The engine water pump was a kindred prob- 
lem except that here was a heavy load (because 
of the associated cooling fan), and a fairly high 
speed. Here, too, the new bearing was the answer. 

from this point other automotive applications 
Were tried. After exhaustive laboratory and road 
tests, oil cushion bearings were adopted for more 
and more parts. General industry followed a simi- 
that is, so-called trouble jobs were 
lachied first. Applications followed where heavy- 


lar pattern 


dut.. self-lubricating bearings were the natural 
chy for the task. 


(During this period tungsten carbide culting 
tools, electrical units such as commutator brushes, 
breaker points to mention but a few were 
fine accomplishments, but this paper will be con- 
fined to bearings and machine parts with which 
the speaker is personally familiar. ) 

About this time, too, we wanted a bearing of 
greater capacity than heavy duty bronze. Research 
produced “Super-Oilite”, the high duty, oil cush- 
ion bearing with iron-copper base. Its adaptation 
to production required an extensive research pro- 
gram of its own. Briquetting and finishing or 
sizing pressures were appreciably greater, sintering 
lemperatures were higher; many variables were 
encountered including those of and due to the raw 
material. It took years and money to perfect this 
product. The men who were engaged in these 
early developments are sometimes prone to scolT 
at the problems put up to them today! 


Machine Parts 


Now regarding machine parts: As with bear- 
ings, the first machine parts were relatively small 
and simple in design. They were chosen for pow- 
der metallurgy because a specific property other- 
wise unobtainable was desired. One of the first 
parts we made was a gib, installed where lubrica- 
tion and cleanliness were diflicult to maintain. 
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Thus, for a period of time, machine parts requir- 
ing a self-lubricating bearing surface were the 
active members. 

Next came the production of machine parts 
involving multiple and complicated machining 
operations. Included were such operations as pro- 
filing and “depressing”. Another group consisted 
of parts where the material used was unsatisfac- 
tory as to strength, wearing qualities, or both. 

About this time there came a demand for 
larger units in both bearings and machine parts; 
also more complicated design for both. Bearings 
3 and 4 in. in diameter were termed “very large”, 
and the mistaken impression got around that 
powder metallurgy was not applicable to large 
units. Progress in the direction of greater size 
was slow because some of the materials (inelud- 
ing those of ferrous base) needed refinement. 
They also required excessive pressures in_ bri- 
quetting and sizing operations, and there were no 
automatic presses available for these higher ton- 
nages. Another impediment was the fact that 
presses of larger tonnages are expensive. Never- 
theless, through the cooperation of bearings and 
parts manufacturers with the builders of press 
equipment, the press capacity was increased from 
15 to 150, 350, 500, 1000 and more than 2000 tons. 

An important factor was that of adaptability 
of equipment. These huge presses had to be 
designed and built for the production of (a) thrust 
bearings, (b) large diameter bearings, (c) large 
bearings and parts of appreciable length with 
respect to the diameter. Since it required much 
time to design and build these large presses, the 
bearings and parts manufacturer had to anticipate 
his requirements far ahead of actual orders. 

It is because of these factors that an unusual 
problem presents itself with management. The 
management must be “powder metallurgy 
minded”, forward looking, and willing to appro- 
priate very considerable moneys for necessary 
plant and equipment. It gives me pleasure to 
express my appreciation to the top management 
of the producers of metal powders and the prod- 
ucts made therefrom for their vision, courage and 
willingness to invest time and money to the fur- 
therance of these projects. 

The adaptability of oil cushion bearings and 
parts to mass production methods also played an 
early and important part in their recognition and 
use. It was soon established that even where 
subsequent machining operations were necessary 
such bearings and parts were definitely applicable. 
At first these operations were simple in nature 
drilling, facing, counterboring. Later more com- 
prehensive machining operations were added, 
including threading. 


Friction members for clutches and brokes, 
and filters for liquids and gases have made ood 
progress. Advantages of powder metallurgy are 
manifold: For clutches and brakes these advan- 
tages include compactness, longer life, heat dissi- 
pation, and a selection of coefficients of friction 
and wear factors. Filters are sturdy, calibrated, 
economical, applicable to liquids and gases, and 
highly noncorrosive. 


Making the Hard-to-Make Parts 


During the grim period of the early 1940s, 
many contributions were made by the fabricators 
of parts from powder metals to the needs of the 
armed forces. One very important fact was 
emphatically established — their ability to tool-up 
and get into production very quickly, not only on 
simple parts, but others of more complex nature. 

There comes to my mind such designs as an 
external spline on a flange unit where the spline 
ran at full depth to the face of the flange. Other 
parts had depressed areas, still others had eccea- 
tric bores, and holes or depressions square, hex- 
agonal, or rectangular in shape. It is, of course. 
difficult and expensive to machine accurately 4 
rectangular bore 4% in. wide and *4 in. long into 
a boss on a machine part. Operations such as 
these are what we term “naturals”, readily per- 
formed through. powder metallurgy techniques. 
With the wartime demand for tremendous quanti- 
ties of peculiar parts, tooling programs for normal 
machining operations stretched out into many 
months. However, it was not unusual to be in 
production on a complex part of powder metal 
within six weeks, as compared to an 18-month 
delivery promise on machinery and tools for con- 
ventional machine-shop methods. Strategic met- 
als, too, were conserved through substitution of 
ferrous powder for copper and tin, and further 
savings were provided through the elimination ol 
chips and serap. 

At a recent ordnance meeting in Detroit an 
Army general stressed the fact that. with the excep- 
tion of a very few items, equipment used in World 
War II is already obsolete! Now, what are the 
basic requirements of new and ultramodern 
equipment? They include high velocity, materials 
that will withstand higher temperatures, and 
decreased weight. That last consideration 
weight ——-is highly important. It is frequently 
overlooked that parts and bearings made of pow 
der metals are light weight in material, due, ©! 
course, to their controlled porosity. Gentlemen. 
I believe you will agree with me that many ol)jec- 
tives of modern equipment can be accomplished 
through powder metallurgy based upon rese: rch. 
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rhe Chrysler Corp. is no exception to other 
great companies in their philosophy concerning 
research and development. In our Powder Metal 
Division we have been dedicated to a far-reaching 
research program from the very beginning, and 
we have the advantage of coordinating with the 
main Chrysler laboratories having specialized per- 
sonnel in several allied fields. In our opinion, this 
philosophy is basic for the success of American 
enterprise, if it is to provide an ever higher plane 
of living, and be able to contribute to national 
preparedness and safety. 

It is sometimes a difficult matter to tool-up 
and get into production on the parts and equip- 
ment that we know how to make. However, it is 
infinitely more difficult to accomplish this when we 
don’t know how to go about it. Obviously, such 
accomplishments can only be achieved through 
research and coordinated effort executed long 
before the necessity arises for delivery. 

In the over-all picture there are many favor- 
able factors for products of this branch of powder 
metallurgy. One is the ready application of mass 
production principles. Another is the fact that 
first-rate powder metallurgy products are homo- 
geneous, chemically and physically. The process 
eliminates scrap and expense because it side-steps 
defects such as blowholes, hard spots and similar 
difficulties in rough castings or forgings that often 
do not appear until the final machining operations. 
Bearings of powder metals have decreased clear- 
ances, making for longer life, assemblies of greater 
precision, and quiet operations. 

Unequalled, too, in any other product is the 
facility for sizing an oil cushion bearing during or 
after assembly. Modern mechanization requires 
higher factors of safety and more foolproof opera- 
tions. What a boon it is to have a bearing func- 
tioning perfectly with little or no attention, as 
compared to a unit that needs to be lubricated 
every day. What an advantage to have trouble- 
free operation on a bearing that may one day be 
operating in the Sahara Desert, while its twin 
brother functions in the frozen north of Iceland! 


Tooling Problems 


Busy days for designing engineers, manufac- 
luring, tooling, and purchasing personnel are 
always intensified when new models are being 
introduced. Machinery, factory equipment, jigs, 
fixtures, and cutting tools — all must be provided 
as part of the program. The next thing is to get 
delivery and put them into production. By con- 
trast, what an advantage to merely submit a 
blueprint to the manufacturer of metal powder 
machine parts and receive those parts ready for 


assembly, without increasing capital investment, 
or incurring the expense and travail of putting a 
unit into production. 

Furthermore, tooling programs of today are 
far more expensive than at any time in history. 
Powder metallurgy can be of great assistance in 
effecting economies, and expediting deliveries to 
corporations engaged in bringing out revised or 
new designs. Moreover, materiais and techniques 
have been improved, resulting in machine parts 
of attractive physical properties. 

Interesting is the fact that in Chrysler Corp. 
products we are now using 91 Oilite bearings or 
machine parts. We know that we have a long way 
to go before we reach the saturation point in our 
products. To accomplish our objectives, highly spe- 
cialized equipment has been provided. The 
not-too-distant future may bring us into the field 
where single-purpose equipment may be installed 
in powder metal manufacture, as is common in 
other mass production operations. 


Future Improvements Needed 


Let us now consider the raw materials, the 
metal powders. The field of such manufacture has 
broadened appreciably, particularly for iron pow- 
ders. Moreover, new processes are in production, 
and older ones have and are undergoing changes. 
A number of other processes still in the develop- 
ment state appear promising indeed. In the fer- 
rous field, a number of lower priced iron powders 
are available. However, my belief is that there is 
a definite need for what might be called ideal pow- 
ders, particularly for special applications, 

From my background as a toolmaker, I see 
one goal as this — metal powders so constant and 
uniiorm that a briquetting press may be set up 
with as much speed and continuity as is usual 
in setting up automatic machine tools. Moreover, 
it seems probable that a continuous research pro- 
gram through coordinated effort would promise 
the attainment of this goal. 

What is the forward picture for this branch 
of powder metallurgy? I cannot feel other than 
sanguine about the future. Plenty is yet to be 
accomplished in the field of both bearings and 
machine parts. Since our products are ferrous 
and nonferrous, we can get an idea by comparing 
this country’s annual tonnage of copper with that 
of iron and steel, because in powder metallurgy 
our tonnage ratios are now in the reverse order. 
Beyond that, new materials, new alloys, special- 
ized processing by bearing and parts manufac- 
turers, greatly improved physical properties, larger 
and heavier briquetting and sizing presses are our 
objectives. I know they will be realized.  ] 
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The 1948 A.I.M.E. Meeting 





THE STEADY TREND of ferrous and nonfer- 

rous metallurgy toward a common ground 
was hastened noticeably by the technical papers 
presented at the 1948 meeting of the American 
Institute of Mining and Metallurgical Engineers, 
held in New York City in February. This sharing 
of problems by the ferrous and nonferrous metal- 
lurgists was in harmony with recent discussions 
by the Institute’s management concerning the 
possibility of future amalgamation of the two 
metals divisions. Joint meetings are a boon to the 
earnest seeker of knowledge, frequently puzzled to 
choose, from the scanty information on the printed 
program, between simultaneous meetings. So 
large have become the demands that the facilities 
of the Engineering Societies Building, where the 
annual meetings have been held for so many years, 
have been outgrown, and this year no less than 24 
meeting rooms in the Hotel Pennsylvania were 
listed in the program! 

Outstanding in the metallurgical meetings 
were four joint sessions of the Institute of [Non- 
ferrous| Metals Division and the Iron and Steel 
Division. Here theoretical physical metallurgy was 
discussed without regard for any superficial dif- 
ferences between ferrous and nonferrous metals. 
Two of these joint sessions dealt broadly with 
kinetics; particular problems were diffusion, grain 
growth, precipitation, anelasticity, and = transfor- 
mation in the solid state. 


Transformation in Cobalt, 
Lithium and Steel 


New data on cobalt (A. R. Troiano and J. L. 
Tokich) and lithium (C. S. Barrett and O. R. 
Trautz) prompt the conclusion that these metals 
are more like certain iron-base alloys in trans- 
formation characteristics than is iron itself! Both 
cobalt and lithium transform at low temperatures 


in much the same way that steel transforms to 
martensite during cooling or deformation. In fact, 
“martensite” has been used as a general term to 
describe all transformations of this type ——for 
example, in the article by A. R. Troiano and A. B 
Greninger in Metal Progress for August 1946. 

The above-mentioned paper by Troiano and 
Tokich (University of Notre Dame) should clear 
away much old confusion concerning the trans- 
formation of cobalt, but there are some new com- 
plexities. For instance, decreasing the grain size 
made it possible for the experimenters to stabilize 
the high-temperature form of cobalt at room tem- 
perature. This raises the interesting question 
whether, for some range of fine grain size in steel. 
the transformation of austenite to martensite 
would be similarly affected. 

The paper by C. S. Barrett and O. R. Trautz 
(University of Chicago) described  transforma- 
tions in lithium below room temperature 
in fact, below the boiling point of nitrogen 
(—320° F.). Under certain conditions, the trans- 
formation is noisy, accompanied by audible clicks 
which are similar to the sound given off by tin 
when it is being deformed. The noisy transforma- 
tion was also studied in lithium-magnesium alloys 
containing up to 85° magnesium. The authors 
pointed out the similarities between the _ trans- 
formation of lithium and that of austenite t 
martensite. Here, as with cobalt, certain of the 
results inspire new experiments on steel. Fe! 
instance, the cold working of lithium above \, 
stabilizes the metal against transformation during 
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subs: quent cooling. Would an analogous effect 
iserved with steel? 

\ further refinement in the technique for 
determining the amount of retained austenite in 
steel! was presented by B. L. Averbach and Morris 
Cohen (Massachusetts Institute of Technology). 
The new method, directly applicable only to steel 
in the as-hardened condition, depends on meas- 
urements of the integrated X-ray intensities and 
does not require external calibration or a standard 


be « 


reference foil. 
End-Quench Tests on Aluminum Alloys 


Although there were no papers concerning 
the hardenability of steel, the Jominy specimen 
entered the discussion in other ways. The familiar 
end-quench test has now been used in the study 
of mass effect in the heat treatment of age-harden- 
ing aluminum alloys, and also in the evaluation 
of quenching oils. 

B. M. Loring, W. H. Baer and G. M. Carlton 
Naval Research Laboratory) end quenched modi- 
fied L-type Jominy specimens in order to evaluate 
critical rates of quenching (before aging) for 14S, 
24S, 61S, 75S and R301. The quenching rate is 
important when these aluminum alloys are to be 
heat treated in heavy sections. Only in 75S was 
there an appreciable variation of hardness along 
the Jominy bar after the end-quenched specimens 
had been reheated properly for precipitation hard- 
ening. For 75S this variation was from Rockwell 
B-89 at the quenched end to B-71 at the 31'-in. 
position, 

C. A. Siebert and G. Sandoz (University of 
Michigan) reversed the usual purpose of the Jom- 
iny test and, with a given steel (9450), varied the 
quenching medium in order to evaluate the cool- 
ing power of five different oils. It was found that 
with high rates of agitation, such as those inher- 
ent in the Jominy test, there is little, if any, advan- 
lage to be gained by using any of the three 
proprietary compounded oils they tested in place 
«a straight mineral oil. 


Phase Diagrams 


\ session on phase diagrams was of interest 
mostly to nonferrous metallurgists — iron got into 
the discussion only to the extent of its slight 
Solubility in magnesium. The systems discussed 
Were aluminum-sodium, copper-aluminum-silicon, 
copper-nickel-chromium and magnesium-iron. 

the report on aluminum-sodium alloys by 
W. |. Fink, L. A. Willey and H. C. Stumpf (Alu- 
minum Co. of America) was the 21st in a series 
fron the Aluminum Research Laboratories 


describing equilibrium relations in aluminum alloy 
systems. Sodium lowers the melting point of 
aluminum by 1.2° C.; the eutectic point is at 0.18% 
Na and 659.0° C. (1218.2° F.). 

Copper-aluminum-silicon alloys containing up 
to 812% Aland 342% Si were investigated by F. H. 
Wilson (The American Brass Co.). The most 
conspicuous feature of this important ternary sys- 
tem is the existence of the kappa phase of the 
copper-silicon binary alloys at the highest alumi- 
num content investigated. 

W. R. Hibbard and co-workers (Yale Univer- 
sity) studied the copper-nickel-chromium system, 
chiefly to determine the effect of chromium on 
copper-base alloys containing 10, 20 and 30% 
nickel. Chromium makes cupro-nickel age hard- 
enable. The maximum hardness of the ternary 
alloys is about the same as in the binary copper- 
chromium alloys. 

A small content of iron markedly increases 
the rate of corrosion of magnesium, and for this 
reason commercial specifications for wrought 
magnesium alloys limit the iron content to 0.005% 
max. Consequently the paper by D. W. Mitchell 
(University of California) on the solubility of iron 
in liquid magnesium was of practical as well as 
He reported that the magne- 
sium end of the binary system is simple eutectic 
with a eutectic composition of about 0.0315 iron. 
The solubility of iron increases to 0.26% at 1000° C, 
(1830° F.). 

An A.LM.E. meeting would not be complete 
unless there were discussions about the mecha- 


academic interest. 


nism of plastic deformation of nonferrous metals. 
This year these contributions provided a full ses- 
sion of five papers, with four similar contributions 
being presented as part of the joint session on 
theoretical physical metallurgy. New data by P. 
A. Beck, John Towers, Jr., and W. D. Manly (Uni- 
versity of Notre Dame) showed that, as in pure 
aluminum, isothermal grain growth in 70-30 brass 
can be described adequately by an equation of the 
form Dkr". ; 


Powder Metallurgy 


Powder metallurgists have never emphasized 
the differences between ferrous and nonferrous 
metals, so it is perhaps not too surprising that the 
Institute of Metals Division. should sponsor a 
series of papers dealing almost entirely with iron 
and steel powders. Unfortunately they occurred 
on a day when other interesting subjects competed 
for audiences. Likewise Stevens Institute of Tech- 
nology, over the river in Hoboken, staged an eve- 
ning meeting when A. J. Langhammer of Chrysler 
Corp. was given a medal for his long services to 
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the powder metal industry. His acceptance address 
is reproduced in this issue (p. 387). 

Powder compacts always contain holes, which 
are sometimes used to good advantage, as in bear- 
ings and filters. Pol Duwez and H. E. Martens 
(California Institute of Technology) discussed the 
powder metallurgy of porous alloys for a relatively 
new use. 

In the cooling system of a jet engine the 
metallic part which had to be kept cool was made 
of a porous alloy, so that the cooling fluid could 
be forced through the pores, counter to the direc- 
tion of heat flow. This method, referred to as 
“sweat cooling”, requires a material of controlled 
permeability. Since the tensile strength of a por- 
ous alloy decreases with increasing porosity, it is 
important to develop porous alloys having maxi- 
mum permeability with minimum porosity. 

The method of Duwez and Martens mixes 
ammonium bicarbonate with the metal powder, 
presses the mixture, heats it to dissociate the 
ammonium bicarbonate and to create the desired 
porosity, and then sinters the compact. A_ single 
relationship exists between the permeability and 
the amount of ammonium bicarbonate used in 
preparing the porous alloy. The materials inves- 
tigated were 18-8 stainless steel prepared from a 
pre-alloyed powder, and nickel-molybdenum-iron 
alloy (65% Ni, 30° Mo, 5° Fe) prepared from a 
mixture of powders of the pure metals. The 
properties of the pressed and sintered materials 
were reported as functions of the porosity. 


Tests and Interpretations 


It is unusual when a paper interests both the 
Iron and Steel Division and the Milling Methods 
Committee of the A.I.M.E. The paper “Wear 
Tests on Grinding Balls” by T. E. Norman and 
C. M. Loeb, Jr. (Climax Molybdenum Company) 
was such a one, and appeared on the programs of 
both groups. It was reported that, in steel grind- 
ing balls, a matrix of martensite or low-tempera- 
ture bainite, plus retained austenite, showed the 
best resistance to wear. Spheroidized carbides 
increased the wear resistance of a martensitic 
matrix. Methods of identifying the marked balls 
under test, as well as a similar number of “stand- 
ard” balls, after a week's run in a grinding mill, 
and establishing an order of merit for the different 
types of ball in each charge were interestingly 
described by the Editor of Metal Progress in his 
“Critical Points” for July 1941. 

It is impressive to consider the diversity of 
electrical equipments that are coming to bear on 
problems of metallurgical research. For instance, 
the investigator now mentions the use of Geiger 


counters, microphotometers and oscilloscoj.s jp 
close juxtaposition with the more familiar j eta). 
lurgical equipments like pyrometers, dilatonieters 
and lever systems. No doubt, many mechinica| 
zombies are due to be pushed entirely out of the 
metallurgical laboratory by some of the newer 
electrical instruments. 
Another notable —and somewhat fearsome 
trend is toward the use of unfamiliar mathe. 
matics (page Michael Corson!). So far, this tend. 
ency seems confined mostly to discussions oj 
kinetics —— especially diffusion. Five papers in the 
joint sessions on theoretical physical metallurgy 
were chiefly mathematical in argument. 


Lectures and Awards 


In contrast with the stern mathematics of 
diffusion was the annual lecture of the Institute o! 
Metals Division, by Cyril Stanley Smith, director of 
the Institute for the Study of Metals of the Univer- 
sity of Chicago. Dr. Smith, speaking on the subject 
“Grains, Phases and Interfaces: An Explanation 
of Microstructure”, showed that there is much to 
be learned of microstructure simply by taking 
clearer and deeper thought of what can be seen 
of metals under the ordinary metallurgical micro- 
scope. Using a few familiar examples, both ferrous 
and nonferrous, the lecturer pointed out many 
fresh and significant aspects of microstructure, 
aspects that might easily be overlooked by an 
observer not inclined to look long and searchingly 
at his specimens. He mentioned especially the 
influence of surface tension between and among 
metal crystals on the characteristic micro-appear- 
ance of single-phase and duplex alloys. Small 
grains, large grains, round grains, flat grains. 
inclusions, segregates, twins and dendrites all 
depend on surface tensions. 

What a pity there are no lectures in metal- 
lurgy at the University of Chicago; Cyril Smith 
would inspire any student to a keen appreciation 
of microstructure. 

The 25th Howe Lecture was_ presented by 
Robert B. Sosman, Professor of Ceramics, Rutgers 
University. His subject was “Temperatures in the 
Openhearth Furnace”. 

The Robert W. Hunt medal was awarded t 
B. M. Larsen and T. E. Brower (United States Stee! 
Corp. Research Laboratory) for their recent papers 
on oxygen in liquid openhearth steel. 

The Alfred Noble prize of the Founder Eng 
neering Societies and the Western Society of Eng 
neers was given to John H. Hollomon (former!) 
of Watertown Arsenal but now with Genera 
Electric’s metallurgical research) for his pape! 
entitled “The Mechanical Equation of State”. @ 
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Standard Designations and Chemical Com- 
position Ranges for Heat and Corrosion Re- 
sistant Castings have been revised by the 
Alloy Casting Institute. The chart below puts 
all this data conveniently 
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It provides concise data to help you select SSS a 
alloy castings for use under conditions of Mo 0.5 max.t 
elevated temperature, severe corrosion, or ae Mn mar i 
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The author, who has discussed today’s heat treating furnaces before 
several & chapters in past years, has summarized information on modern 
practice in bright annealing of the heavy nonferrous metals and alloys, 
with some notes on recent practice in the precious metal industry. 


Atmospheres and Controlled 


Atmosphere Furnaces for 


Nonferrous Metals 


WITH ONE IMPORTANT EXCEPTION® the use of 
* controlled atmospheres in the treatment of 
nonferrous metals is for a primary purpose only 
-namely, for preserving or improving the appear- 
ance of the surface of the work during the 
annealing process. The furnaces, therefore, usu- 
ally differ in application from those used for steels; 
in the latter not only is the control of surface 
appearance and condition involved, but more fre- 
quently the control of carbon content is of equal, 
or even greater, importance. The single-purpose 
use of annealing furnaces in the nonferrous indus- 
ry is thus conceivably a main reason why so little 
has been disclosed about the atmospheres and 
lvpes of furnace equipment. Yet the equipment 
comprises a large percentage of all furnaces hav- 
ing controlled atmospheres, and in many instances 
the problems introduced are by no means easily 
solved. Being void of any such alloying element 
4s carbon, rather than simplifying the metal’s 
treatment, often introduces complexities which 
require more careful consideration than when this 
element is present. 

\lthough the bright heat treatment of ferrous 
metals does not permit radical variations, many 
honterrous metals can be annealed to the same 
degree of brightness in totally different types of 
lurnaces.. A consideration of the required atmos- 
phere discloses why this is true. Some of the 


samely, heat treatment of the light metals. 


nonferrous metals, such as copper, nickel and 
many of their alloys, are comparatively easy to 
keep bright. They are oxidized by free oxygen 
only. Carbon dioxide and water vapor are inert 
to these metals. Prior to the present-day gas 
generators, steam was the universal atmosphere 
for bright annealing copper. Even today steam is 
used in some modern -batch-type furnaces during 
the first part of the heating cycle. 

Carbon monoxide, hydrogen and_ hydro- 
carbons are the reducing constituents of the gas. 
Their presence is always necessary in the pro- 
tective atmosphere, for they assure not only the 
complete elimination of all free oxygen during 
combustion of a suitable air-gas mixture, both 
in the atmosphere preparation unit and in the 
direct-fired bright annealing furnace, but also 
counterbalance traces of oxygen which may enter 
the furnace. Furthermore, they reduce any oxides 
already on the surface of the work. 

The required percentage of reducing constit- 
uents is largely dependent upon metal to be heat 
treated. Copper and nickel are bright annealed in 
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atmospheres containing as low as 1.5% of reducing 
gases. Such so-called “lean” atmospheres prevent 
absorption of hydrogen from the hot atmosphere 

“hydrogen embrittlement” of electrolytic copper 

and also staining of the work due to traces of 
hydrogen sulphide. (Many raw fuel gases, partic- 
ularly coke oven gas, contain sulphur compounds. 
By adjusting the air-gas ratio to a slight deficiency 
of air, most of this is oxidized during combustion 
to inert sulphur dioxide, and the hydrogen sulphide 
is thus reduced to a minimum.) 

“Rich” atmospheres of approximately the 
same composition as utilized for bright annealing 
steel are used extensively in the heat treatment of 
precious metals. Even though some of these- 
like pure silver, gold, and palladium — are pro- 
tected by only a small percentage of reducing 
gases in the atmosphere, a large number of noble 
metal alloys must be bright annealed in highly 
reducing atmospheres. 

The above statements concerning the inertness 
of water vapor to some nonferrous metals do not 
apply to precious metals. The permissible mois- 
ture content or dew point is contingent upon sev- 
eral factors. The dew point is, first of all, governed 
by the composition of the atmosphere; the higher 
the hydrogen content, the higher can be the dew 
point, for tests have proven that a definite H,: H,O 
ratio is required for each truly bright annealing 
atmosphere for precious metals. 

The allowable dew point also depends upon 
the annealing temperature and particularly upon 
the rate of cooling the metal 
from its maximum temper- 
ature. In this respect the 
precious metals behave 
similarly to steel. There is 
a critical temperature range 
in which they are most sus- 
ceptible to oxidation by 
water vapor. Above this 
temperature, progressively 
larger concentrations of 
water vapor can be tolerated 
because of the increased 
reducing power of hydro- 
gen at the higher tempera- 
ture. Below the critical 
temperature, the rate of 
oxidation by water vapor 
gradually diminishes until 
it becomes negligible 
at room’ temperature. 
Extremely fast cooling 
rates, such as are obtained 
by quenching in water, 
therefore permit much 


higher dew points in the bright annealing furnace 
atmosphere than when the work is slowly cooled. 
These considerations explain why some furnaces 
turn out oxidized work with the same atmosphere 
which produces perfectly bright work in others. 

The type of metal largely determines the 
quality and the dew point of the atmosphere for 
bright annealing. Gold, fine silver and palladium 
can, like copper and nickel, stand a high dew 
point. Alloys containing zinc, on the other hand, 
are much harder to keep bright, and the problem 
becomes increasingly difficult the higher the zinc 
content. Zinc, when heated, oxidizes readily in 
air, but it also is oxidized by hot CO, and H,O. A 
suitable atmosphere for brass or other zinc-bearing 
alloys must, therefore, exclude these gases. This 
requires the use of either an inert gas, such as 
nitrogen, or an actively reducing gas, such as 
hydrogen or hydrogen-generating constituents like 
decomposition products of methanol or other 
hydrocarbons. Both are rather expensive, so in 
mass production such metals are annealed to 
produce a slight oxidation which is easily removed 
by flash pickling. The resulting surface is com- 
monly referred to as “clean annealed”. 

These greater difficulties in bright annealing 
apply to the tons of copper-zine alloys produced in 
the copper and brass mills, as well as to the 
pennyweights and ounces of zinc-containing alloys 
in the precious metal industry. Twenty-four karat 
gold, for instance, is just as readily bright annealed 
as copper. The lower karat red, yellow, pink, 


Fig. 1 — Discharge End of Continuous Bright Annealing 
Furnace for Sterling Silver. Flat ware is carried through 
muffle and long chamber for slow cooling on woven chain belt 
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progressively higher (as much as 18%). 












(Figures 1 and 2.) 











annealing. 








ing signal since it combines with hydrogen and 






librium of CO,:CO:H,O:H, is reached, thus rais- 
ing the dew point of an initially dry atmosphere 
within a hot furnace. Carbon dioxide must, there- 
fore, be completely removed from all bright 
annealing gases which are dehydrated in the gas 
generator and which must remain dry in the fur- 
nace. Such precautions are particularly desirable 
for the “nickel-silvers” and necessary for silicon- 
brass alloys. 














The Light Metals 





The complete omission of any mention of 
aluminum, magnesium and their alloys up to this 
point has been deliberate. These two rapidly- 
growing additions to the nonferrous family belong 
in a class by themselves. For, contrary to the 
objective in the heavy nonferrous industry, heat 
treatment of the light metals and their alloys in 
controlled atmospheres involves not so much the 
surface appearance as the effect of the atmosphere 
on the properties of these metals. Deterioration 
in the physical properties due to oxidation by cer- 
lain cas constituents is accompanied by a change 













green, and white golds, however, are considerably 
more troublesome, because their zinc content runs 


The toughest metals to bright anneal in the 
precious metal field are the so-called “nickel- 
silvers” — alloys with 60 to 65% copper, the bal- 
ance being nickel and zinc in various proportions. 
Here, again, the high-nickel alloys present less 
trouble than the low. The real “bearcat” is the 
“10% nickel-silver”, since it contains from 25 to 
30% zinc. Any atmosphere composition and dew 
point which bright anneals the “10% nickel-silver” 
will therefore be suitable for the other alloys. 


Still lower dew points are necessary for bright 
annealing those nonferrous metals which contain 
silicon. Silicon has a very great affinity for oxy- 
gen, free or combined, when hot. The resultant 
oxidation forms SiQ,, the refractory silica, which 
cannot be removed from the surface by ordinary 
pickling. Silicon-brass, combining the difficulties 
due to silicon and a high-zine content, requires a 
practically bone-dry atmosphere for bright 


In general, carbon dioxide behaves very simi- 
larly to water vapor. As with the H,:H,O combi- 
nation, it is the CO:CO, ratio, rather than the CO, 
percentage alone, which determines the concentra- 
tion permissible for bright annealing. Its action 
on nonferrous metals is less severe than that of 
water vapor. Nevertheless, its presence is a warn- 


produces water vapor until the fourfold equi- 
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of the surface, such as blistering. Aluminum and 
magnesium alloys are unique also in that they are 
oxidized by gases which are inert to most of the 
other nonferrous metals, and are unaffected by 
gases which oxidize copper alloys. Free oxygen 
seems quite harmless in the heat treatment of 
aluminum and magnesium. Air, with or without 
slight additions of other gases, is therefore the 
preferred and most common atmosphere. 

Sulphur dioxide is inert to magnesium alloys 
(as it is to copper, nickel and silver), and addi- 
tions to a concentration of a few tenths of one per 
cent are generally considered best for magnesium, 
both to prevent minor surface oxidation and major 
burning. Yet this same SO, gas, in even very small 
percentages, is extremely injurious to aluminum 
and its alloys. 

Even though the general behavior of the alu- 
minum and magnesium alloys in controlled atmos- 
pheres differs greatly from the heavy nonferrous 
metals, there are two points of similarity: Water 
vapor beyond a certain concentration is as detri- 
mental to aluminum as it is to precious metals. 
The second point regards the metal’s composition: 
Progressively higher silicon content leads to uni- 
versally greater difficulties in selecting and apply- 
ing suitable atmospheres. 

A survey of the available literature discloses 
the unfortunate fact that, whereas the controlled 
atmospheres for the predominant heavy non- 
ferrous metals and their action during heat treat- 
ment are known quite definitely and completely, 
there is relatively little corresponding information 
about aluminum and magnesium alloys. This 
condition has unquestionably been brought about 
by the rapid development of these alloys during the 
war. It is hoped that the quieter peace years will 
soon produce the desired data. For this reason no 
discussion of furnaces, particularly designed for 
aluminum and magnesium, is given in this article. 


Principles of Furnace Design 


From the preceding discussion of atmos- 
pheres, it is apparent, though not surprising, that 
their diversity is to be attributed to the variety of 
metals and alloys to be heat treated. A _ similar 
diversity is found also in the types of furnaces. 

Broadly, a controlled-atmosphere furnace 
includes a heating and a cooling chamber in which 
the work is surrounded by and in contact with 
gases of a fixed composition. According to this 
generally accepted description, it is a furnace in 
which the heating gases and the protective gases 
are separated, either by means of a muffle or by 
burning the heating gas in radiant tubes. But if 
the heating gases, after combustion, reach a com- 











position suitable for the desired protection of the 
work, the direct-fired furnace becomes a controlled- 
atmosphere furnace. Such is the case in the bright 
annealing of copper, nickel, silver and many of 
their alloys. Since the CO, and H,O which are 
formed in the combustion of commercial fuel 
gases do not oxidize these metals, the burners of 
the direct-fired furnace are the common source of 
heat and atmosphere. It is necessary only to set 
the air-gas mixture slightly on the reducing side 
to safeguard against the presence of any harmful 
free oxygen in the products of combustion. 

Present-day proportioning devices are of suffi- 
cient accuracy to assure a constant flue-gas analy- 
sis over the entire range of burner capacities and 
turndown. Thus, the same composition of the 
gases within the furnace chamber is maintained 
regardless of the rate of firing. 

Heating Methods — The direct-fired furnace is 
obviously most economical in operating cost and 
low in initial capital investment; it is therefore 
preferred whenever possible. <A large percentage 
of the bright annealing of copper is done in direct- 


heat by convection is much more efficient thon by 
radiation. ; 

Such furnaces promote uniform and rapid 
heating, and may be readily protected by combus- 
tion safety devices. They also have the advantage 
of greatly simplifying one of the most important 
problems — namely, leakage into the furnace. | 
is needless to point out the value of a gas-tight 
construction which prevents contamination of the 
furnace atmosphere by air infiltration. It is equally 
essential to prevent air infiltration at the doors 
A constant, safe minimum flow of atmosphere 
which always builds up a slight positive pressur 
within the furnace chamber is an essential. 

In a muffle or radiant tube furnace, this con- 
stant atmosphere flow is supplied by a gas gener. 
ator of suitable capacity. In direct-fired furnaces 
the problem is complicated by the fact that th 
burners, which are the source of atmosphere sup. 
ply, must fire at varying rates in order to hold th 
heating zone at the desired control temperatur 
In the convection-type furnace the problem is 
readily solved by firing the burners at a constant 
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cause of limited head room the heater boxes and recircu- 


Fig. 2—- Convection Heated Bright Annealing Furnace for 
lating fans are placed alongside the work-heating chamber 


Copper Tubes. Continuous furnace with roller hearth. Be- 





fired furnaces. The heating elements either con- 
sist of several burners of small capacity arranged 
to fire above and below the work and from both 
sides, or comprise one or two heaters placed out- 
side the work-heating chamber and in the path of 
an external fan which recirculates large volumes of 
hot gases through the furnace. This is known as 
“convection heating”; it is particularly well suited 
for nonferrous metals because of their compara- 
tively low annealing ranges, wherein transfer of 


rate or within safe close limits, and providing 4 
cooling coil or a cooling tower in the return duets 
through which a portion of the gases is bypassed 
by a damper operated by the temperature control. 
This throws a constant load on the burners, and 
the rate at which the atmosphere flows into the 
furnace is maintained constant without sacrificing 
accuracy and uniformity of temperature control. 

Obviously, this method is not adaptable © 
open-lired furnaces heated by burners distributed 
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he heating zone. The minimum heat 
| is often such that enough products of 
tion are supplied to prevent air infiltration 
Then, when the burners 


ilon: 


dem: 


omit 
at the work openings. 
ire full rate, an excess of gas volume is pro- 


duced which issues from the doors at an increased 
However, if the doors are too large or 


then 


vel tV. 
the minimum 
becomes necessary to resort to a “make-up” atmos- 
phere such as steam. Additional atmosphere 
volume is automatically produced when a direct 
water spray cools the work to below tarnishing 


burner demand too low it 


temperature before it is discharged into the air. 

\tmosphere volume requirements are reduced 
to a minimum by special sealing devices at the 
work openings. Flame screens, asbestos or fire- 
proof cloth curtains, eductors, heat seals, and 
manually or automatically operated doors are 
most commonly employed. Choice is governed by 
the type of conveyer most suitable for the particu- 
lar work to be handled, by the cycle of furnace 
eration, by the height of the required work 
openings, and by the shape and size of the work 
itself. Atmosphere requirements are higher in 
continuous furnaces than in batch-type; the latter 
require sufficient flow only for initial purging and 
for replenishing loss through seals and at bleeders, 
if such are employed. 

Cooling methods in considerable variely are 
the quality of 
aultmosphere, the work will not come out bright 


found. No matter how perfect 
unless it is cooled in the protective atmosphere to 
usually 200° F. or 
(Normally, itis as low as 150° F. for easier 
Other 


factors, such as delayed discoloration, also affect 


below tarnishing temperature 
below. 
handling of work from the run-out table.) 
work Is cooled 


the temperature to which the 


within the furnace. 








Furnace for Bright Annealing of Copper Tub- 
ing. At the extreme right edge of picture are stock racks 
and entry table. 


Fig. ; 


Next toward the left is the heating 





Being void of any hardening element like car- 
bon in steel, the physical properties of most non- 
ferrous metals are not changed by the rate ol 
cooling. For practical purposes, the softness of 
the annealed metal remains the same whether it ts 
cooled slowly or water quenched or sprayed. Since 
floor space and initial investment are two impor 
tant considerations, the relatively short chamber 
for a water quench is selected whenever some 
(This 


applies to practically all process annealing and 


water staining of the work is permissible. 


also to some finish annealing operations.) The 
work may be cooled by immersion, spray, or fog 

Water quenching 
To eliminate as much of the free water 


quenching. is the universal 
medium. 
as possible from the surface of the work, hot 
quenching water is frequently used. The usual 
discharge temperature (150 to 200° F.) promotes 
rapid evaporation, as long as sufficient surface is 
exposed. Some classes of work, like coils, cannot 
be water quenched because water works in between 
the wraps of the coil causing water staining. 

All work requiring a high quality of surface 
brightness must be cooled in a comparatively dry 
protective atmosphere. This considerably increases 
long cooling 


the cooling time and necessitates 


zones. In direct-fired furnaces the high content ol 
water vapor in the heating almosphere is reduced 
to the low percentage necessary in the slow cool 
ing zone by dehydrating the gases in ai gas 
recirculating section provided with a cooling coil 
und inserted between the heaiing and the cooling 
In indirect-lired furnaces the moisture 


both heating and 


chambers. 
content of the atmosphere for 
cooling zone is lowered to the desired dew point 
in the gas generator. The slow-cooling zone, which 
is normally 2'» to 3 times the length of the heat 


ing zone, can be shortened appreciably by apply- 


section of the furnace, then a cooling zone with a lower 
roof ending with a spray quench (water tank below), 
and finally there is a run-out table of appropriate length 


















ing forced convection cooling. Proper design has 
created fast-cooling zones which are only a frac- 
tion longer than the heating zone. 

Some cooling chambers incorporate both slow 
cooling and water quenching (see Fig. 3). In most 
process annealing a greater variation in grain size 
is allowed than in finish annealing. The heating 
zones for process annealing can, therefore, be 
operated with some temperature differential 
between furnace and work with correspondingly 
high rate of heat transfer and increased produc- 
tion capacity. If the same furnace is utilized for 
both operations, the slow-cooling zone is of suffi- 
cient length to “bright cool” the finish annealed 
work only. A short water quench section just 
ahead of the discharge door will provide the addi- 
tional cooling required for breakdown annealing. 


Fig. 4— Front View of Slab Heater in Copper and Brass Mill. 
Slabs are piled by crane on elevating tables, and then pulled off one by 
Roof is suspended 


one, sideways, onto a walking-beam conveyer. 


from overhead beams so interior of furnace hearth is entirely clear 


(Finish annealing, of course, does not use the 
quench. A similar arrangement is employed also 
in process annealing those alloys which cannot 
be quenched directly from the maximum anneal- 
ing temperature. ) 


Types of Controlled Atmosphere 
Furnaces 


Aside from the general classification into 
batch or continuous types and direct or indirect- 
fired types, furnaces are commonly designated by 
the conveyer which carries the work. On this 
basis, the same types of furnaces are encountered 
in the nonferrous and in the ferrous metal indus- 
try. Choice of the conveyer or furnace type is 
governed by the class and shape of work to be 


heat treated. A brief yet comprehensive descrip. 
tion of the various types seems possible if we 
follow the three principal classes of nonferroys 
products, namely, sheet and strip, tubing, and 
wire, through their successive stages of production, 

Sheet and Strip Furnaces —In the sheet and 
strip mill the first heating operation is performed 
on the large cakes coming from the casting shop. 
Cakes are passed through a continuous pusher. 
type heater and then rolled into elongated thinner 
slabs. The latter are annealed for cold rolling in 
a short, fully mechanized walking-beam furnace 
(Fig. 4) through which they are conveyed side- 
ways, one high. (More recently, also, continuous 
roller-hearth furnaces have been used.) Upon 
leaving the furnace, the slabs are cooled by water 
spray from top and bottom. 

Little attention is paid 
to atmosphere in most of 
the cake and slab heaters 
In walking-beam furnaces 
the total time is quite short, 
namely, about 5 min. for a 
}2-in. slab; very little scale 
is formed. The total time 
for cakes is much longer 
because of their heavier 
thickness; this obviously 
forms considerable scale 
Sealing during hot rolling 
is unavoidable and the 
imperfections on the slab's 
surface are completely 
removed by scarfing. Yet 
with a little more care in 
furnace construction and in 
the adjustment of the direct 
firing burners, scaling dur- 
ing heating can be elimi- 
nated, and many costly 
shutdowns to clean out the scale could thus be 
avoided and furnace maintenance reduced to 3 
minimum. 

Use of controlled-atmosphere furnaces gener 
ally starts after the rundown mili and the mela! 
is annealed in coils for further rolling. Convee- 
tion-heated batch-type furnaces are found in 
merchant mills which produce a wide variety © 
different alloys in many different gages. Whereve! 
large tonnages of the same material are turned 
out, the continuous roller-hearth furnace '8 
employed to greater advantage and econom) 
These furnaces are direct-fired with a number 0! 
burners, but ample gas recirculation of the furnace 
gases is provided by internal fans, At the 
discharge end of the heating zone, the coils are 


water-spray quenched before coming out into the 
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air and being passed on to mills for further cold 





rolling. 

In both batch and continuous furnaces used 
at this stage, the coils are clean annealed and 
therefore require light: pickling only. A _ clean 
rather than bright surface is preferred, because 
pickling etches and roughens the surface suffi- 
ciently to give better adherence of the rolling oil. 
The strip is still thick enough so further reduction 
irons out any surface roughness before the ready- 
lo-finish stage is reached. 

Full atmosphere control is applied in all 
ready-lo-finish and finish annealing operations. 
Because of its extreme adaptability, both as to the 
size of the various loads to be heat treated and the 
diferent annealing temperatures required for the 
various alloys, the bell type of bright annealing 
furnace is today the standard furnace in the fin- 
ishing department. Such a unit (illustrated above 
in Fig. 5) consists of one direct-fired portable 
heating cover, three bases equipped with recircu- 
lating fans, and three inner covers made of steel 
or alloy sheet, depending upon the maximum 
Working temperature. 

When bright annealing copper, a dual-atmos- 
phere gas system is favored. During the heating 


cycle, steam is introduced into the inner cover to 
carry off the vaporized rolling oil, which usually 
contains some sulphur. After proper soaking at 
temperature, the heating cover is removed and 
“a steam inside the inner cover and surrounding 
the ; 


tal being processed is replaced by a dry 





Fig. 5 — Bell-Type Unit (Three Stands and Gas Generator) for Bright Annealing of Copper 


Coils. Three bases, three sheet covers, one heating unit shown suspended by overhead crane 
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protective atmosphere (produced in a separate gas 
generator) and maintained there during the entire 
cooling cycle. To speed the cooling, the outside 
of the inner cover is sprayed with water, which 
runs down into the water seal between base and 
inner cover. Copper coils annealed in this man 
ner come out perfectly dry and bright. 

For most brass coils, the same procedure is 
followed except for the elimination of the steam 
atmosphere during the heating cycle. A wet seal 
is also used since the inner cover is usually water 
sprayed in order to shorten the cooling period. 
A dry seal and cooling without water-spraying is 
necessary for certain alloys, such as silicon brass, 
which, for bright annealing, require a_ bone-dry 
atmosphere free from CQg. 

Modern production methods dealing with 
ever-increasing tonnages of a single métal or alloy 
of the same size and thickness favor continuous 
bright annealing, as in the roller-hearth furnace, 
through which, as shown in Fig. 6, the coils are 
carried on perforated trays. Roller hearth fur 
naces eliminate the damage to coils that occurs 
when they are piled on the base of a bell annealer, 
and assure a more exact uniformity of anneal, 
since each coil is subjected to the same time- 
temperature cycle as it advances through the 
furnace chamber. Furthermore, modern research 
appears to have developed rolling oils free from 
sulphur, thus eliminating the necessity for a dual 
atmosphere which, for evident reasons, presents a 
difficult problem in a continuous furnace. 

















Coils. Heating is by radiant tubes. 

Continuous annealing of strip, threaded end- 
wise through the furnace rather than in coils, is 
becoming more and more popular. Certain mate- 
rials, especially very wide strip, call for extreme 
grain size and surface condition 
Continuous strip anneal- 
(Fig. 7) or its 


uniformity of 
across their full width. 
ing in a catenary-type furnace 
equivalent appears the only way to achieve this 
end. Such furnaces may be either direct-fired or 
of controlled atmosphere. Strip is water quenched 
as it emerges from the direct-fired furnace and 
then pickled in an acid tank installed in line. 

Large individual sheets of nonferrous metals 
are conveniently annealed in conveyer furnaces 
wherein the conveyer consists of several individual 
chains held on constant centers by 
spacer bars provided with suitable pro- 
jecting lugs upon which the sheets rest 
on their way through the furnace. 
This method of handling assures good 
exposure of both top and bottom of the 
sheet to the protective atmosphere. In 
annealing copper sheets, bright or sal- 
mon finish can be produced at will by 
merely changing the air-gas ratio in the 
direct-fired burners. 

Tube Furnaces In the tube mill, 
the rough shell (from which the tubing 
is made by subsequent drawing or tube- 
reducing operations) is produced either 


Fig. 7 — Charge End of a Continuous Anneal- 
ing Furnace for Brass Strip. The strip is sup- 
ported by rollers at inlet and discharge end, and 
hangs freely in the heating chamber. Steam at far 


end of furnace comes from flash pickling tank 
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Fig. 6 — Charge End of Roller Hearth Continuous Furnace for Bright Annealing of Copper 


Note double entrance vestibule to conserve atmosphere gas 


by extruding relatively short but large diameter 
billets, or by piercing elongated cylindrical billets 
of smaller diameter. The method of producing 
the shells determines the type of billet heater. 
For heating billets for the extrusion press 
the direct-fired rotary-hearth furnace is gradually 
displacing the pusher-type furnace and _ the still 
older inclined-hearth furnace in which the billets 
roll down. As with sheet or strip, no particular 
control of the atmosphere is exercised in billet 
heaters, mainly for the reason that only the sound 
core of the billet is extruded, leaving behind in 
the press cavity the outer shell of the billet. Its 
condition, therefore, may be oxidized. Further- 
more, any loose scale which may drop off the bil- 
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lets the furnace cannot damage the machinery heated rapidly either by high-temperature radia- 
for rotating the hearth, since the vital parts are tion, by direct impingement of hot gases, or by a 
located outside the furnace chamber. combination of both. Thus it quickly approaches 
lor the piercing mill, the long round billets the correct annealing temperature. The long 
are heated in direct-fired walking-beam furnaces, heating zone in the furnace proper brings the tem- 
or in double-screw conveyer furnaces. To prevent perature accurately to the desired point and holds 
damage to the moving conveyer parts within the the tube throughout the necessary soaking time. 
heating chambers, it is essential to eliminate Preheaters are in use today which almost double 
scaling by proper furnace design and adjustment the rated production capacity of conventional-type 
of burner equipment; controlled atmosphere fur- furnaces. Their obvious chief advantage lies in the 
naces are therefore used. (See Fig. 8.) exceedingly high heating capacity in a very short 
\fter one or more passes on the drawbench distance, which results in a considerable saving 
or reduction in the tube reducer, the cold worked of valuable floor space. 
tubes must be softened again. This “breakdown As mentioned earlier, discoloration is permis- 


Fig. 8 — Direct-Fired Heater (Walking-Beam Type) for Copper 


Billets. Run-out mechanism on billet piercer shown in foreground 


anneal” is usually done in continuous roller- sible during breakdown annealing, because it 
hearth furnaces very similar in appearance, size normally disappears completely in further proc 
and construction to the bright annealing furnace essing. This enables the metallurgist to choose 
shown in Fig. 3. With few exceptions, the fur- the most efficient, yet cheapest method of cooling 
haces are direct fired or of the convection type as far as investment and floor space are concerned. 
using one or two large burners located in the path { short chamber in which the work is water- 
of the recirculating gas. sprayed from top and bottom is usually placed at 

\ recent modification, which has rapidly the exit end of the heating zone. For certain 
imereased in favor with tube mill operators, is the alloys, such as leaded brasses, quenching from the 


installation of a preheater in effect, a short, maximum annealing temperature is detrimental 


high-| mperature heating chamber located at the It then becomes necessary to insert a slow-cooling 
entrance end of the furnace proper in which the zone between the heating zone and the wate 


ieoming work, traveling at a constant speed, is quench. 
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The same cooling arrangement serves well in 
many finish bright-annealing operations where 
some water staining is allowable. However, where 
a perfectly bright and dry finish on delivered tub- 
ing is essential, such as tubing for refrigeration 
systems, the longer zone cooled by forced convec- 
tion, or the still longer water-jacketed zone must 
be installed. In any event, the continuous roller- 
hearth furnace is today being generally accepted 
as the best type for finish bright annealing of 
tubing, whether it is in coil form or in straight 
lengths, gradually replacing the mesh belt furnace 
which was favored only a few years ago. 

Some differences of opinion still exist, among 
the various manufacturers of nonferrous tubing, 
as to the best method of firing the heating zone. 
The proponents of the direct-fired, convection-type 
furnace insist that the high humidity of the imme- 
diate products of combustion has a decided advan- 
tage in cleansing the surface of the work while it 
is being heated. Others claim that high humidity 
leads to condensation on the incoming cold work, 
resulting in some water “markings” to be dis- 





Fig. 9 — Continuous Bright Annealer for Double Strand 
of Precious Metal Strip. Entrance end shows heater 
partially burned am- 


(above) for recirculating gas 





monia, completely dehydrated, analyzing 90% N, and 
10% H,. Short cooling zone is at far end (left side of 
photograph), wherein strip is cooled by same atmosphere 
chamber to cooler to fan to chamber 


in separate circuit 
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tinguished from water “staining” which occurs at 
the discharge end exclusively. The latter school of 
thought, therefore, favors the indirect-fired fur- 
nace, such as the radiant-tube fired heating zone 
with internal recirculating fans, usually installed 
in the roof of the heating chamber. A fairly dry 
atmosphere (40° F. dew point) prepared in a suit- 
able gas generator is then furnished. 

Wire mill furnaces are substantially the same 
as those used in the tube mill. The only difference 
lies in the handling of the work which is coiled 
on flanged spools of various sizes, depending upon 
the wire gage. Both batch-type bell-annealers or 
continuous-type indirect-fired roller-hearth fur- 
naces are employed for process annealing and 
finish bright-annealing in a reasonably dry pre- 
pared gas atmosphere. 


Furnaces for Precious Metals 


The precious metal industry, turning out its 
finished products in ounces rather than in tons, 
obviously utilizes much smaller, although similar, 

types of furnaces than its sister industries in 
the nonferrous field. In many respects, this 
industry may be even considered the latest 
addition to the nonferrous metal industries 
that have converted operations to complet 
mechanization and fully controlled atmos- 
phere furnaces. 

It is only since the closing days ol 
World War II that the precious metal indus- 
try has begun to replace antiquated furnace 
equipment (which involved much manual 
operation) with the most modern types o! 
furnaces originally developed for other mel- 
allurgical branches. Because of the grea! 
care required to prevent any surface blem- 
ishes and to assure the utmost luster of its 
finished materials, the precious metal indus- 
try is threatening to surpass others in the 
general use of controlled atmospheres. It !s 
only quite recently that a complete knowl- 
edge of the exact requirements of the almos- 
phere, its composition and proper application 
for treating the various alloys to best advan- 
tage, has been acquired by the cooperativ 
efforts of furnace users and furnace builders 
With the experience gained in two decades of 
work in the steel and copper and brass an¢ 
nickel industries, the furnace builder has 
available all information necessary for incor 
porating into new furnace installations !0! 
precious metals the latest heating and cooling 
methods, conveying mechanisms, furnace 
details, atmosphere generator design ane 
control equipment. & 
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In controlled-atmosphere, high-temperature sintering 
furnaces made by the Drever Company of Philadelphia, 
Pa., Nichrome* muffles and Nichrome V* conveyor belts 
give long, dependable, economical service. 


Each muffle in the 54 K.W. and 60 K.W. continuous atmos- 
phere furnaces has had over 2 years of trouble-free 
operation—or 21,000 hours—7,000 hours at 2000°F— 
the balance at 1400°F and both muffles are on their way 
to providing top-level performance indefinitely. 


Varying in length from 11 to 16 feet, and approximately 
12 inches wide these units have been cast in two sections 
and welded together to give gas-tight, one-piece con- 
struction—demonstrating the versatility of Nichrome, 





HARRISON e 


BRANCHES: Chicago © Detroit © Cleveland 





after 2% years of service at 2000°F. plus! 


» los Angeles «¢ 


which can be cast, rolled, drawn, formed and welded 
to produce numerous components for use under all con- 
ditions of high temperature operation. 


An ideal team-mate for the Nichrome muffle is provided 
by the wear and heat-resistant Nichrome V wire con- 
veyor belt, which like Nichrome, assures more efficient heat 


treatment, shorter cycles, and reduces heat hour costs. 


Learn how Nichrome and other Driver-Harris alloys can 
solve your heat-treating problems. Our engineers will 
be glad to make recommendations based upon our 39 
years’ practical foundry experience, specialized know!l- 
edge, and close association with many applications in 
the heat-treating field. 


Driver-Harris 
COMPANY 


NEW JERSEY 


Seattle 


Son Francisco *¢ 


"TM. Reg. U S Pat OF 














Personals 





Election of A. B. Kinzel @ as 
president ef Union Carbide and Car- 
Laboratories, Inc., has 
been announced. Dr. Kinzel has been 
associated with the parent organiza- 
tion, Union Carbide and Carbon Corp., 
since 1926, 
ties where his great ability as a met- 
allurgist has been used to advantage. 


bon Research 


serving in various capaci- 


American Brake Shoe Co. an- 
nounces that John A. Fellows @ has 
been appointed assistant chief metal- 
lurgist at the research center in Mah- 
wah, N. J. Mr. Fellows returns to 
Brake Shoe after 2% years in the 
atomic energy field and 1% years 
with Union Carbide and Carbon Corp. 


George W. Strahan ©, formerly 
with the sales department of the In- 
ternational Nickel Co. and a member 
of the executive committee of the 
New York Chapter @, has taken the 
position of sales manager of West- 
lectric Castings, Inc., Los Angeles. 








. ELECTRIC FURNACES 





No. 3 Model “HS” Industrial 
Furnace (1200° to 2500°F) for 
high temperature heat treat- 
ing, firing ceramics, forging, 
ete. sizcs. 


Tube Furnace 
laboratory use. 





No. 2B Model “YP” Vertical range 700° C 
High Speed Steel Furnace for (2550°F). Also 
long, slender tools, broaches, Dual Tube and 
etc. Four Sizes. Tube models. 





No. 2 Model “Y” Furnace for 
hardening tungsten, moly and 
cobalt high speed steels. Five 





Model “V’ High Temperature 


i 
No. 3 Model “H” Industrial 
Furnace for general heat 
treating (1600 F). For hard- 
ening carbon steel, annealing 
and enameling. 








for general 
Temperature 
to 1400° C 
available in 
large Single 


No. I Model “L’’ Pot Furnace 
for production lead and salt 
bath heat treating and melt- 
ing soft metals. Two sizes. 


Sentry makes an Electric Furnace for every heat treating need. 
Sentry High Speed Steel Hardening Furnaces provide a correct 






for future reference. 


The Sentry 


FOXBORO, MA 


application of Sentry Diamond Blocks for a scientifically con- 
trolled neutral atmosphere for hardening tungsten, molyb- 
denum and cobalt high speed steels. 

Write Dept. A for descriptive bulletins. Save this advertisement 
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Eutectic Welding Alloys C« -p, ap. 


nounces the appointment of Theodore 
I. Leston @ as vice-presic«nt jp 
charge of production. As a rember 
of the research laboratory staff My 


Leston has guided several new are 
welding electrodes and alloys t rough 
the pilot plant stages to production, 


E. Richard Walter @ has beep 
promoted from chief metallurgist of 
Powdered Metal Products, Franklin 
Park, IIl., to sales manager of the 
same company. 


C. M. Binney ©, who has been 
with Allegheny Ludlum Steel Corps 
sales force since October 1946, has 
been appointed assistant district man. 
ager of the New York sales district. 


Promotions in the American Stee] 
& Wire Co. elevate Nelson W. Demp. 
sey © to the position of genera 
superintendent at Waukegan works 
and Vernon L. Strohm @ to divisi 
superintendent of wire mills, to f 
the vacancy left by Mr. Dempsey. 

Crucible Steel Co. of America ar 
nounces the appointment of James D 
Glenn @, formerly with Sharon Ste¢ 
and Eastern Stainless Steel “orp., as 
general manager of stainless ste 
sales. Mr. Glenn’s headquarters w 
be in New York City. 


Lloyd R. Cooper @ has be 
named director of research for He; 
penstall Co., Pittsburgh. Mr. Coop: 
has been with the Heppenstall orga: 
ization since 1942 and has been acting 
the past 1's 


director of research for 


years. 


Benford © has be 


r 


Frank G. 
made assistant plant manager of | 
West Leechburg, Pa., plant of All 
gheny Ludlum Steel Corp. Previous! 
with General Electric Co. in Sch 
nectady, N. Y., he joined Allegheny 
Ludlum as chief metallurgist of the 
West Leechburg plant in 1945. 


John W. Frazier @, formerly met 
allurgical engineer and assistant 
chief process engineer for Jack & 
Heintz Precision Industries, Inc., } 
now connected with John Ek Indus 
tries, Inc., Guilford, Conn., as meta! 
lurgical engineer. 


J. Darrell Harvey @ has recent) 
returned from Korea where he serve! 
as chief of industry of the Unit 
States Military Government and has 
been made assistant to the command 
ing general of Warner Robins A 
Materiel Area, Robins Field, 


Bani R. Banerjee @ is leave 
Yale University to join the facu'ty 
the Illinois Institute of Techn log) 
Chicago. 















tl? 2000 meus 


The Kodak High Speed Camera ...a precision 
instrument that gives you exact visual answers 
to complex industrial time-motion problems. 


ria high speed machinery doesn’t work as it 
should or wears out too soon ... when you need 
to know how fast-moving liquids behave ... when 
any complex time-motion problem confronts you . 
try motion analysis with the Kodak High Spee 2 
Camera, 
By taking pictures up to 3000 frames a second and 


showing them at regular speeds veal visually 


And flash marks 


which the camera puts along the film edge time any 


slow down action almost 200 times! 


phase of action in fractions of milliseconds. 

By using this precision instrument in your labora- 
tory or plant, you can track down and measure almost 
my problem in flexure, inertia, waste motion . . . ana- 
lvze chemical and electrical phenomena for perma- 
nent record ... for study... for group discussion 
Send the coupon for a copy of the booklet “Magni- 


iy Time.” It will tell vou how this instrument is 


ng used advantageously in many industries. 


EASTMAN KODAK COMPANY 
Industrial Photographic Division, Rochester 4, N. Y. 


igh Speed Movies 


... another important function of photography 
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Argon “timer” on Kodak 
High Speed Camera puts 
edge marks on film, as 
shown below, for externally 
fed rectangular pulses, 
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Milling cutter bit 
caught in the act of 
breaking. Edge marks 
on film give the exact 
relative time and speed 
of any phase of 
high speed action. 





“Kodak” is a trade-1 


Mail this coupon for 


new FREE booklet 


Eastman Kodak Company 
Rochester 4, N. Y. 


Please send me your new, free booklet on the Kodak High 


Speed Camera; vour 16mm. demonstration reel of exam- 


ples of high speed Movies. 

Name 

Company Dept. 
Street 


City State 

















Personals 








P. K. Koh @ has been appointed 
associate director of research in 
charge of tool and die steel and allied 
products of Allegheny Ludlum Steel 
Corp., with offices in the Bracken- 
ridge, Pa., plant. He was in the met- 
allurgical research department of 
Standard Oil Co. of Indiana before 
joining Allegheny Ludlum. 





The Midvale Co. announces the 
appointment of Homer C. Lackey @ 
as district sales manager in Cleve- 
land. Mr. Lackey has been in various 
production and sales assignments 
with Midvale since 1930. 


The retirement of William A. Fow- 
ler @ from the position of general 
manager of the Columbus plant of 
the Timken Roller Bearing Co., after 
37 years with the company, has 
brought about the promotion of L. D. 
Gable ©, formerly factory manager 
of the Columbus plant, to general 
manager. 








properties, this ductility 


No judgment required. 
operator. 


Don’t guess. 
Be sure, 


9390 GRINNELL AVE. 





SHEET METAL TESTER 


Used by leading steel companies for control of drawing 


Check incoming shipments or stock — 


Write for Bulletin “G” 


DETROIT TESTING MACHINE CO. 


With New 
Improvements 


test is extremely accurate: 


Same results regardless of 


DETROIT 13, MICH. 
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Haig Solakian @, former], vice. 
president, chief metallurgist ad dj. 
rector of research for the A. F 
Holden Co., has recently be: ap- 
pointed president of the John Ek Ip. 
dustries, Inc., Guilford, Conn. 



















J. L. Burns @, past president , 
the Chicago Chapter @ and partner 
of Booz, Allen & Hamilton, has 
moved his headquarters from Chicago 
to New York. Mr. Burns is also g 
director of the Globe Steel Tube ¢ 
and of R. R. Robertson Co. 








J. L. Aston @ is now at the Uni. 
versity of Sheffield doing research o 
high-speed heat treatment of steel, 









Leland Brewster Howard @ is now 
research engineer with American Say 
& Mfg. Co., Springfield, Mass. 






Frank F. Joyal @ has left th 
U. S. Marine Corps’ Supply Depot t 
resume his education at the Univer. 
sity of California where he will work 
toward a degree in metallurgica! 
engineering. 


Robert E. Christian ©, on compk 
tion of graduate work at Carnegi 
Institute of Technology, has accepted 
a position with American Brake Shc¢ 
Co. metallurgical laboratories wher 
he will study sand-metal problems 






































National Lead Co. announces that 
George Sathre © has been named 
metal sales manager for the Cleveland 
and Pittsburgh branches. Mr. Sath: 
joined National Lead in 1942, selling 
in the Cleveland area. 


Everett R. Turner @, former\ 
plant metallurgist with Lynn, Ma 
Leod Metallurgy, Ltd., Thetford 
Mines, Quebec, is now employed }) 
Algoma Steel Corp., Ltd., Sault St 
Marie, Ont., as a trainee in the open- 
hearth department. 

































A. E. Moredock @, formerly chie! 
metallurgist, Kelly-Springfield Eng'- 
neering Co., Allegany Ordnance 
plant, Cumberland, Md., has_ bee! 
appointed to the technical advisor 
staff of Revere Copper & Brass, Inc 
with headquarters at the Dallas 
Division, Chicago. 










D. L. Palmer @ has been appoint 
production manager of Apex Smelt 
ing Co., Cleveland division. ™ 
Palmer was with National Smelting 
Co. from 1930 to 1942 and following 
this was with Basic Magnesium, Inc 
He has most recently been a consu" 
ant on aluminum foundry problem 
in the Los Angeles area. 









Formerly a research meta \urg' 
with the Magnolia Metal Co. o! Eliz 
beth, N. J., K. H. Roll @ is now ¥™ 
the Lead Industries Assoc., New Yor’ 
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CTROPLATING 
Acetic Acid 
Ammonia Alum 
Ammonium Thiosulfate 

Solution 

Aqua Ammonia 
Chromium Fluoride 
Fluoboric Acid 
Hydrofluoric Acid 
Hydrogen Peroxide 
Metal Fluoborate Solutions 


LIGHT METAL CASTING 
Ammonium Fluoborate 
Potassium Fluoborate 
Sodium Fluoborate 


HEAT TREATING 
Barium Fluoride 
Sodium Fluoride 
Potassium Fluoride 
Potassium Cyanide 






















































sarge FINISHING 

Potash Alum Electrolytic Polishing 
Potassium Cyanide Acetic Acid 

Sodium Fluoride Perchloric Acid 
Sodium Metasilicate Sulfuric Acid 


Stannous Chloride Hydrofluoric Acid 
Sulfuric Acid 
Tetrasodium Pyrophosphate 


Trisodium Phosphate 













Bright Dipping 
Hydrofluoric Acid 

Nitric Acid 

Sulfuric Acid 

Muriatic Acid (Hydrochloric) 


















STEEL 
Rimming Steel Manufacture 
Sodium Fluoride 











Oxide Finishing 
Copper Sulfate 
Hydrofluoric Acid 







Steel Manufacture 
Sodium Bisulfite, Anhydrous 








Sodium Sulfite, Anhydrous Nitric Acid 

Sulfur Oxalic Acid 

lron Sulfide Sodium Silicate 
Sulfuric Acid 
















Descaling - 
Glauber’s Salt Galvanizing 
Sulfuric Acid Sodium Fluoride 








Hydrochloric Acid 
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Sodium Silicate 
















Nitric Acid 
Sulfuric ‘Acid Trisodium Phosphate (TSP) 
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Sodium Fluoride 
7 Sodium Metasilicate 


Sodium Bifluoride 





BASIC CHEMICALS 







FOR METAL ANALYSES: BAKER & ADAMSON LABORATORY REAGENTS AND FINE CHEMICALS 








GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N. Y. 


Ofices: Albany * Atlanta * Baltimore * Birmingham * Boston * Bridgeport ° Buffalo 
Charlotte * Chicago * Cleveland * Denver * Detroit * Houston * Kansas City 
Lo: Angeles * Minneapolis * New York * Philadelphia * Pittsburgh * Portland (Ore.) 

Providence * San Francisco * Seattle * St. Louis * Wenatchee * Yakima (Wash.) 
In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis. FOR AMERICAN INDUSTRY 


» Canada: The Nichols Chemical Company, Limited * Montreal * Toronto * Vancouver 
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BALDWIN LOCOMOTIVE 
PRODUCTION 


with 


FHP 


Cross section of straight gap weld made 
with FHP in Locomotive mud ring. 


<=>. * 


@ Using the correct M & T electrode . . . plus a wealth of welding ‘‘know- 
how’’ is the combination that consistently produces high speed, high quality 
fabrications at low cost in the Eddystone plant of the Baldwin Locomotive 
Works. 


An excellent example is their production line manufacture of water- 
space frames . . . or mud rings as they are more frequently termed. These 
rames, used in locomotive boiler assemblies range from 4’ x 5’ up to 
10’ x 22’ in size and are made from bars 4” to 8” in width and 3” to 5” 
in thickness. All welding is done in straight-sided gaps with % 4” Murex 
Type FHP electrodes at approximately 600 amperes . . . an overloading of 
current which few electrodes will withstand. Results, however, are extremely 
high speed operation with no sacrifice whatever in welding quality . . . a 
neat trick but daily routine at Baldwin where welding ingenuity and M & T 
electrodes combine to provide welding speed, quality and economy. 


Want literature covering the entire M.& T line? Write today. 


METAL & THERMIT CORPORATION 
120 BROADWAY @ NEW YORK 5,N. Y. 
ALBANY * CLEVELAND + PHILADELPHIA + PITTSBURGH 
CHICAGO + SO. SAN FRANCISCO + NEWARK + CINCINNATI 
MINNEAPOLIS + HOUSTON + TORONTO 








~ 
REx WELDing BErecrrooes 
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Personals 





ai, 


Henry Wilmot © has been trans. 
ferred by Shell Oil Co., Inc., from 
the New York office where he was 
technical representative of the lubri. 
cants department to the Chicago 
division where he will be division ly- 
bricants engineer. 


We Waring =] is now assistant 
chief engineer of the Bullard Co, of 
Bridgeport, Conn. 


Paul P. Bauernschmid @ has left 
the Chandler-Evans Div., Niles- 
Bement-Pond Co., to join the engi- 
neering staff of the International 
Silver Co., Meriden, Conn., as design 
engineer. 


J. A. Rolston @ has accepted a 
position with the English Mica Co, 
Spruce Pine, N. C., as plant project 
engineer. 


Franklin Page, Jr., @, formerly of 
Solar Aircraft Co., is now attending 
the graduate school at California 
Institute of Technology, working 
toward his M.S. degree in chemical 


engineering. 


John P. Denny @ has left Battelle 
Memorial Institute to do graduate 
work in metallurgy at the University 
of Utah, Salt Lake City, Utah. 


Alvin H. Barrows @ has been 
transferred by Carnegie-Illinois Steel 
Corp. from the sales department of 
the general offices in Pittsburgh to 
the district sales office in Indianap- 
olis, Ind. 


Frederick Gerson ©, after com- 
pletion of seven months of research 
in the eastern United States on be- 
half of Almex, Ltd., Birmingham 
England, has now joined the com 
pany’s plant at Birmingham as re 
search engineer. 


Resigning from Sun Oil Co. as 
industrial products representative for 
western Massachusetts and Vermont 
R. A. Laakso @ has accepted a pos! 
tion in the sales department of Gra 
ton & Knight Co., Worcester, Mass. 


Martin D. Rosenthal @, former) 
with the Office of Naval Research, 
Chicago branch, is now chemical en- 
gineer with General Electric X-Ray 
Corp.’s new plant in Milwaukee. 


S. R. Perkins @ is now staff eng? 
neer and consultant with Booz, Allen 
& Hamilton, Chicago, a firm engaged 
in management consultant and gi- 
neering work. 





if you’re making heavy duty gears, shafts and pinions 


for planes, trucks, buses and industrial machinery 


Cul your, Coil 
USS SuperKore 


—\\ 


U-S:S SuperKore Steels meet a long-felt 
need. For here is a new series of improved car- 
burizing steels which, although they cost /es 
than more highly alloyed carburizing steels, 
show equal or greater hardenability—are easier 
to anneal—have improved carburizing charac- 
teristics—possess substantially improved ma- 
chinability. 

U-S:S SuperKore Steels were developed 
with two objectives in mind. To reduce your 
raw material and manufacturing costs. To 
equal or improve your product performance. 
They will do both. 

U-S-:S SuperKore Steels are now avail- 
able in four different grades—each designed for 
a special type of heavy duty service. That’s 


why it is important that they be properly se- 
lected and applied 

To he Ip you get the full benefit of these steels 
in improving your product and reducing its 
cost, the cooperation of our service metallur- 
gists who developed U-S:S SuperKore 
Steels—is available. They will gladly help you 
in putting them to work, where, and only 
where, they should be used. They will show 
you how to iron out any application problems 
involved in their use. 

The new “SuperKore Booklet” will give 
you further interesting information on these 
steels. For your copy write direct to Carnegie- 
Illinois Steel Corporation, Carnegie Building, 
Room 2008, Pittsburgh 30, Pennsylvania. 


Here’s where U-S-S SUPERKORE Steels can be used to advantage 





Representative 
Applications 


Present Steel 


Recommended U-S-S 
SuperKore Alternate 





Aircraft gears, shafts, 
pinions, etc. 


Heavy duty truck and 
tractor gears, shafts, 
pinions, etc. 


Heavily loaded geors, 
shafts, pinions etc. and 
carburized parts used 
in oil well drilling 
industry. 


Gears, shafts, pinions, 
etc. 





E-3310, E-9310 or 
equivaient AMS 
Specification 


3316, 9316 


4815, 4820 


4317, 4320 


U-S-S SuperKore A 


U-S-S SuperKore AA 


U-S-S SuperKore B 





U-S‘S SuperKore C 


CARNEGIE-ILLINOIS STEEL CORPORATION 


Pittsburgh and Chicago 


Columbia Steel Company, San Francisco, Pacific Coast Distributors 
Tennessee Coal, Iron & Railroad Company, Birmingham, Southern Distributors 
United States Steel Supply Company, Warehouse Distributors—Coast to coast 


UN ITED 


United States Steel Export Company, New York 
8-362 
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"Brake Shoe Research serves you today and anticipates tomorrow” 


X-ray diffraction opporatus » 








Wm. B. Given, Jr., President 





« Preparing specimens for X-raying 








| f abrasion resistance and wear resistance are the prime requirements 
in the castings you use... ABK Metal provides the answer. This is 
especially true since ABK Metal is backed by American Brake Shoe 


Company's vast practical knowledge of metals and foundry techniques. 





ABK Metal castings are subjected to the production controls of 
chemical analysis, hardness and mechanical testing, each of which 
is important. But the important key to their serviceability is struc 
tural control accomplished by fundamental microscopic and X-ray 
diffraction techniques. Careful piloting in a full-sized experimental 
foundry is followed by periodic checking in the production foundry 


| to insure sound castings free from injurious internal stresses. 


| We welcome inquiries on any phase of your need for castings 
whether of ABK Metal (wear resist), Gray Iron or Meehanite® as 


made by Brake Shoe. 








BRAKE 
| CASTINGS DIVISION 
990 - PARK AVENUE, NEW YORK 17, N. Y. 


6316 


a 


SHOE AND 


aah! 


Metal Progress; Page 410 











Personals 





ed 


James E. Ubben @, formerly 
development metallurgist with the 
Timken Roller Bearing Co., has taken 
a position as metallurgist with Emseo 
Derrick & Equipment Co. in Dallas. 
Texas. 


Following graduation from the 
Colorado School of Mines, Robert E. 
Michaelis @ has joined the Carnegie. 
Illinois Steel Corp. as spectrographer, 
Pittsburgh research laboratory. 


Carl E. Bartz @ has recently been 
appointed sales manager in the Cin. 
cinnati territory for Columbia Stee] 
& Shafting Co., Edgar T. Ward’s 
Sons Co. Div. and Summerill Tubing 
Co. Div. He has been representing 
these companies for the past 19 years, 
most recently in Syracuse, N. Y. 


David A. Vermilyea &, former|; 
metallurgical engineer at E. I. du 
Pont de Nemours and Co., has ac- 
cepted a teaching position at Rens 
selaer Polytechnic Institute, where he 
will also continue graduate studies 


Wong Ju Sun @ is leaving for 
China where he expects to be associ- 
ated with the National Resources 
Commission as metallurgical engineer. 


James Walker @, formerly with 
Consolidated-Vultee Aircraft Co., is 
now assistant superintendent of th 
Worcester Pressed Steel Co., Wor 
cester, Mass. 


Donald R. Steele @ is now plant 
metallurgist with the engineered 
castings division of the American 
Brake Shoe Co., Rochester, N. Y. 


Richmond C. Neff @ has received 
an appointment as instructor of engl 
neering mechanics at Purdue Univer- 
sity, Lafayette, Ind. 


Resigning from Canadair, Ltd, o 
Montreal, Walter Banas @ has & 
rolled at the Un'‘versity of Colorad 
to continue his engineering and bus: 
ness administration courses. 


Phil P. Haney @, formerly w 
Consolidated-Vultee Aircraft Co. 
now in the mechanical engineering 
department of the N.A.C.A., Lang'! 
Field, Va. 


Wm. J. Fretague @ has enrollet 
at the University of Notr Dame 
where he has a teaching fellowshit 
in metallurgy. Before entering ™ 
service, he was metallurgist at Frig: 
idaire Div., General Mot Corp. 
in Dayton, Ohio. 
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e Everyone agrees that what the world really needs 


is increased production—and that’s exactly what you'll 
get when you use Lectromelt furnaces for your metal 
melting needs. For the famous top-charge feature of 
Lectromelt furnaces reduces down time and allows 
more heats per turn—which means your production 
definitely goes up. And the precise controls and 
rugged construction of these furnaces give you the 
utmost in furnace economies. For full details of the 


many advantages Lectromelt furnaces offer you, write today. 


Manufactured in 

ENGLAND Birlec, Ltd., Birmingham 

FRANCE Stein et Roubaix, Paris 

SPAIN General Electrica Espanola, Bilboa 

BELGIUM = S. A. Belge Stein et Roubaix, Bressoux-Liege 


PITTSBURGH LECTROMELT FURNACE CORPORATION 


PITTSBURGH 30 PENNA 
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Ceramie Turbine 
Blades* 





etme 


N the gradual merging of the 

whitewares and refractory fields. 
ceramics is no longer limited to 
silicates. There has even been a 
diffusion of ceramics into metal- 
lurgy, and the result has beep 
called the field of “cerametallics”. 
Its utility is for prime movers oper. 
ating at high temperatures. In this 
respect most consideration has 
been given to thorium oxide, mag- 
nesium oxide, beryllium oxide, and 
carbon. 

As a wartime use, some inter- 
esting data were given on the Y-2 
rocket. It burned 300 Ib. of fuel per 
sec. and developed a flame temper- 
ature of 5000°F. (2800°C.) and a 
pressure of 300 to 500 psi. in the 
combustion chamber. It descended 
at a speed of around 7000 ft. per 
sec. (over 60 miles per min.)! 

Some properties necessary for 
ceramic materials for use in noz- 
zles for rockets are a minimum 
melting point of 4000° F. (2200° C.), 
excellent heat shock resistance, and 
superior corrosion resistance. Ero- 
sion resistance is not important as 
long as solid particles are not pres- 
ent in fuel or combustion gases. 
“Ram jets” would attain speeds of 
1500 miles per hr. and _ tempera- 
tures beyond the flame head may 
reach 3500 to 4000°F. (2000 to 
2200° C.). On the other hand, the 
turbo-jet engine operates with a 
high temperature zone of only 1200 
to 1500°F. (650 to 800°C.). The 
pressure is not too severe, but the 
temperature is high enough to 
require special attention to strength 
and resistance to thermal shock. 
Since thermal efficiency increases 
with operating temperature, the 
engineers would like to operate the 
turbo-jet at 1900°F (1030°C.), but 
adequate materials are not yel 
available for construction. In such 
an engine, the tip speed of the tur- 
bine buckets would be about 1000 ft. 
per sec.; materials therefor should 
have a creep rate of less than 
0.0005% per hr. Under these condi- 
tions a ceramic turbine blade mate- 
rial of density 3 would have a root 
stress of approximately 18,500 psi. 

(Continued on page 414) 


*Abstract of “Simple Oxide Por- 
celains for Jet Planes and Projec- 
tiles”, by R. F. Geller, National 
Bureau of Standards. Paper | fore 
the American Ceramic Seo iety, 
refractories division, October 1! 
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BUFFALO + DAYTON + DETROIT + CHICAGO + LOS ANGELES 
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WARREN’S CROSSVILLE, ILLINOIS, PLANT 
























WARREN PETROLEUM CORPORATION 


TULSA, OKLAHOMA 





























CERIUM METAL (MISCHMETAL) 
G C C CERIUM Metal (Mischmetal) GCC Brand 


contains a high percentage of Cerium Metal 
BRAND 






between 50-55% ... Has a very low and 
uniform iron content — about 1% .. . Is 
practically free from impurities and enclo- 






sures. 








This pure and uniform composition — steadily 





checked by our laboratory — is a very essen- 





tial factor in many metallurgical applications. 






®@ Are you seeking to better the metallur- 
gical or mechancial properties of your 
products? Our technical staff will gladly in- 
vestigate how the use of Cerium Metal — 
GCC Brand — will help improve your metal 
products. For experimental purposes, we shall 
be pleased to send you a sample of our 
Cerium Metal Cubes. 




















GENERAL CERIUM CO. 






EDGEWATER, NEW JERSEY 
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Turbine Blades 





(Continued from page 41.) 

The Bureau of Standaris has 
been investigating ceramic jiateri. 
als to withstand these coniitions 
of temperature and stress. Ordinary 
high-voltage electrical porcelaip 
was investigated by Martin in 193¢ 
who measured a creep of 0.2% at 
1650° F. under a stress of 1000 psi 
in 10 hr. The Germans reported 
that their alumina bodies had , 
tensile strength of 6000 psi. Prip. 
cipal work at the Bureau was o: 
the system of beryllium oxide, mag. 
nesium oxide, and zirconium oxid 
It contains three binary eutectics 
and one ternary eutectic. Th 
eutectic between beryllium oxid 
and zirconium oxide is at 4060°F 
(2240° C.); for beryllium and mag 
nesium oxides it is at 3350°F 
(1845° C.); and the magnesiun- 
zirconium oxide eutectic is at 3920 
F. (2160°C.). The ternary eutectic 
of the three oxides is at 3065°F 
(1685° C.). Solid solution occurs 
between zirconium oxide and 
beryllium oxide. 

A region roughly defined as 
containing not more than 50 
magnesia, with the balance bery'- 
lium oxide or zirconium oxide (01 
both) consisted of mixtures which 
the author stated could be vitrified 
in a commercial kiln; mixtures 
lying in the region above the 51 
magnesia line of the triaxial dia 
gram could not be vitrified in com: 
mercial furnaces. 

Porcelains were made in this 
system which vitrified from 27! 
to 2900° F. (1500 to 1600° C.), a 
stress-creep curves were shown fo! 
tests conducted at elevated tempe! 
atures. In general, at relativel 
low temperatures — approximatel) 
1500° F. (800° C.) — an increase ! 
stress did not cause a large increast 
in creep; however, at higher tet 
peratures — approximately 1800°! 
(980° C.) —an increase in_ stress 
caused a large increase in cree] 
Increases in temperature al a col 
stant stress also cause relatively 
large increases in creep. 

Creep tests and tensile tests 
high temperatures were made 
rods 8 in. long, with a central sec 
tion 4 in. long turned down to? 
diameter of about % in.  Thes 
were mounted in ceramic grips 40 
adjusted in a platinum-wound fur 
nace. The furnace had glass W!™ 
dows on two sides for observins 
the central section of the tes! spec 
men. A platinum (Cont. on p. 41 
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lifferent sels ty 
Wake Yours Vanilla 


This syrup pump for soda fountains is readily accepted by health 


authorities because its made of stainless steel. 


Like many stainless products, however, this pump requires more 
than just a single steel. Three different stainless types are used— 
each for a specific advantage. The plunger assembly is Type 303 
bar (machinability) . . . the cover plate and deep drawn cup are 
302 sheet (ductility) . . . and the two fluid lines are 304 tubing 
(weldability). Despite this mixed requirement, all 3 forms,in the 


necessary analyses, are obtained overnight from Frasse warehouse. 


In fact, you can choose from seven stainless types when you work 
from Frasse stocks. And you can work with sheets, plates, strip, 
tube, pipe—everything from bars to welding electrodes. All are 


immediately available stock items. 


No matter how you use stainless steels, you'll find the wide choice 
and quick delivery provided by Frasse stocks a decided convenience. 
Send for our latest inventory. Peter A. Frasse and Co., Inc., 17 Grand 
Street, New York 13, N. Y. (Walker 5-2200) + 3911 Wissahickon 
Avenue, Philadelphia 29, Pa. (Baldwin 9-9900) + 50 Exchange 
Street, Buffalo 3, N. Y. (Washington 2000) + Jersey City + Syra- 
cuse * Hartford + Rochester + Baltimore 





Steels 


BARS « SHEETS * PLATES « STRIP » TUBES 
PIPE *s ANGLES * WIRE * ELECTRODES 
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COURTESY TAP-RITE 
PRODUCTS CORP. 


Are you up-to-date on 
Stainless Analyses? 


Frasse Data Chart Sec. A, No. 
1 lists all 3] standard stain- 
less steels, and chemical analy- 
sis of each, Chart is heavy card 
stock, file size—just the thing 
for wall or desk use. Send the 
coupon for your free copy. 


Se 


Peter A. Frasse and Co., Inc. 

17 Grand Street, New York 13, N. Y. 12K 

[] Please send me your latest stainless steel 
stock inventory. 


( Please send me a free copy of stainless analy- 
ses chart Sec. A, No. 1, 


Name Title 


Firm 
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I Address 
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“CARLSON iwc. 


Stainless Steels Exclusively 


300 MARSHALTON ROAD, THORNDALE, PA. 
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Turbine Blades 





et 


(From p. 414) extensometer gage 
was attached, marked suitably, ang 
creep was measured to 0.00001 j, 
at 1700° F. 

A good composition from the 
point of view of low creep under 
high stress at 1700° F. (925°C.) j 
80% zirconia, 10% beryllium oxide 
and 10% magnesia. It was said 
that this is a good material frop 
which to make supports and grips 

National Bureau of Standards 
“body No. 4811” was not quite vitri. 
fied at 3100°F. (1700°C.). A; 
addition of 2% lime produced 4 
vitreous body at 2730° F. (1500° ¢. 
This lime addition lowered th 
thermal conductivity of the body 
but 4% of magnesia in place of the 
lime increased the thermal co 
ductivity; in fact, the magnesia 
bearing body had a therma 
conductivity eight times that of th 
lime-bearing body. The effect 
these additions on the tensile a 
creep properties is not known, as 
apparently tensile and creep dat 
were not obtained on the origina 
No. 4811. Its modulus of rupture ai 
room temperature is approximatel 
25,000 psi. and drops to about 
14,000 psi. at 1800°F. (980°C 
No effect on the modulus of rupture 
was occasioned by ten quenches 
from 1700°F. (925°C.) to roon 
temperature by an air blast. Dat 
on creep and tensile properties of 
a number of ceramics are given i 
the paper. 

The author believes that th 
temperature of crystallization of 
alumina is as critical as the melting 
point. The tensile properties o! 
pure alumina have not been dete! 
mined, because of an inability t 
obtain proper specimens. 





New Refractories 








MALL refractory specialties in 

variety of shapes and a surpris 
ing range of compositions are now 
commercially marketed. Consider 
ation is being given, by cxrload 
purchasers of (Cont. on p. 418 


+ 


*Abstract of “An Introduction & 
the Refractory Oxides”, by &. 
Birch, Harbison-Walker Refra tories 
Co. Paper before the Ame!ca" 
Ceramic Society, refractories d \\s!0" 
October 1947. 





The process demands precise heating... 
You need more capacity at the burners... 
Economy forbids constant 


valve-twisting... 


beg t. 
? AS 


Ae aT, 
re he 


You /ock the fuel-air mixture where you 


4 hes eggri 


want it. Then neither changing demand, 
nor random gas and air pressures, nor ad- 
justment of furnace or burners, can keep 


the KEMP Slide-valve from the accurate 


a! ’ 
&. - 

= ~~ S e T. es 

7 ah OP a aa 


pa ? 
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at 


mee ae 


* 
completion of its appointed duty. Twenty yacn ; “ 
years hence it’s producing at the vernier set- L 


ting on which you fixed it! 


SEE HOW SIMPLE IT IS... Upper slide with one port 
overlaps Gas and Air ports in lower slide. Fuel de 
mand automatically moves upper slide in direction 

A-A to increase or decrease gas and air in precisely 
equal proportions. Manual adjustment by 
micrometer screw control and vernier scale in 
direction B-B adjusts proportion of gas and air 

You lock it and there it stays until you change it 
Simple! Adjustable! Fixable! A self-cleaner, too, 
and like the rest of the KEMP Industrial Car 


butetors it requires virtually no maintenance. 


M. KEMP MBG. Co. 
10S E. Oliver Street, Baltimore 2, Md 


Please send literature and specifications 
on your series S Carburetors 


gas-air combustion fore 


NAMI 
TITLE 


COMPANY 


PRECISION CARBURETION # ADAPTED COMBUSTION FOR INDUSTRY'S 
HEAT USING PROCESSES 
CITY 


ATMOSPHERE GENERATION & ADSORPTIVE DRYER SYSTEMS FOR a 
PROCESS CONTROL AND PROTECTION 


STREET 


Varch, 1948; Page 417 


BAsss WHTibssb i 1 iii 















Table II — Tests at 3000° F. on High Grade Oxides 

































New Refractories REACTION WITH STOOL OF 
OXIDE Se j 
S10 McO CHROME 91% ALO 
; Gone Gone Gone Gon: 
(From p. 416) refractories, as to ~~ Fluxed in Good Good Good 
rine oo ERS -efractorie eO, Gone Excellent Good Fai 
which of these news st refractor oe s, Tho Good eer mer Good Good | 
now available only in the labora- BaO | Dusted, fluxed in Gone Extreme fluxing Fluxed : 
tory, will eventually be available in Cr.O Good Good Good Good 
niet tl res TiO, Fluxed Poor Good Some fluxing 
arge Tonnage. V.0 Gone Gone — Gone ve 
Starting with the requirement ZrO, Good Noticeable reaction Good Good 
‘ » ‘lIting i » CoO Fluxed in Poor Good | Mildly fluxed 
that _ the me Mt ing poset me a La.O 2 Powdered Swelled Dusted 
3300° F. (1800° C.) or higher, there BeO Fair Fair Good Good ss 
are still at least 20 chemical ele- Sro Powdered Powdered Extreme fluxing Fluxed 

























Table I— Data on Refractory Oxides 













6-Tn, Base ments which vield compounds that can qualify. Dats 
ELEMENT DENSITY Cost ste on their oxides are given in Table I. ot 
PER POUND WEIGHT Cost Of course, melting points provide only the thresh. 
marvin om oaae a3 lb 925.00 old for the study of new refractories. Before one can be a 
zine 55 0.075 150 1.10 applied intelligently we need to know (a) its reactive- +} 
Magnesium 3.6 0.05 10.0 0.50 ness to other materials, (b) its stability in furnace ( 
a +e ror ry a atmospheres, (c/ its thermal expansion, (d) its thermal 
eens 3 3 0.005 90 0.05 shock resistance, (e) its physical strength, (/) its ther. 
Aluminum 4.0 0.055 = A “tes sp ly and (g) the existence of industrial 
Cerium 7.6 0.82 <v.0 yazards such as occur with barium oxide, beryllium 
— aoe os — oxide, and many other things. 
Zirconium 5.7 0.90 = ee In the development of the super-refractories, thre 
Yttrium 4.8 12.50 13.1 64. considerations are basic: (a) Only materials of the 
econ a ee np “— highest purity should be used; (b) the brick and prob- g 
Cobalt 5.7 1.84 15.6 28.60 ably the raw material would almost surely require firing il 
Nickel 7.4 0.35 20.0 7.00 at 3000° F. (1650°C.) or higher, to remove shrinkage; 
psc to wot me branes and (c) special test methods (Cont. on p, 420 se 






























































rai 
ECONOMICAL AND TROUBLE-FREE in 
IN A RECIPROCATING, CONTROLLED ATMOSPHERE FURNACE 

ATMOSPHERE CONTROL. A completely | 
sealed full muffle permits maintenance of any de- 
sired atmosphere. 

ONLY THE WORK enters and leaves the heating 7 
chamber, resulting in economical heating and long Hor. 
life of alloy parts. ® 

SIMPLE DRIVE MECHANISM gives an infinite deo 
range and is located entirely out of the heat, Lon 
reducing maintenance costs. 7, 

UNIFORMITY of temperature and feed results rar 

VERSATILE. These furnaces are regularly being ere wae, he 
used without special provision for work ranging from FIVE STANDARD SIZES made, with capacities hased 
heavy forgings to phonograph needles. ranging from 10 to 1200 pounds of work per hour. ti 

Write for detailed literature. + 
1002 LAFAYETTE STREET ° ELIZABETH B, N. J. 
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LU FOR HEAT CORROSION ABRASION PALE 


The Greenlite on the Wabash 
ousewarming of Our Indiana Home 






esautels Company, sales engineers, representing 
with offices in Indianapolis, Fort Wayne and 
vithout equal in results produced for their cus 
pals. Their new office building, 2302 North 
Indianapolis, is literally the house that service 
s better known in industrial Indianapolis than 
alloys equal the Q-Alloys he sells. 
the tool maker's trade in New England, fought 
idder to President of a drop forge company and 
iself the portfolio of ‘‘Ambassador of 
ina industry 


\ 


Tec hn al 
thday was an 


event in Indiana history rhe 
ff the Claypool Hotel is still vibrating after 


piloted the Shell Forging Program at Wash 
a year. (We understand he got renegotiated 


eck 





who runs the place while George and his 


ilate the salesmen and harass the customers, is 


he top ten of American business women She 


t she has ever posed for any of the calendars distrib 
G.0.D. & Co.) 
\ sis proud of the Desautels organization and share 


in their new home. This modern, air condi 
verb 


ly equipped office is George Desautels’ expres 
in active and brilliant future for General Alloys 
thers under Desautels’ pilotage in Indiana 


hen most men retire, George has just gotten his 


res shown are 


a few guests at the Desautels’ hous« 
uu know industrial Indiana, you will 


know the 
s assembled for the housewarming 


ley 


vs is proud of the company we keep and who keep 
sentatives and our customers. Their success is ours 


rains Alter the Best Laid **Ducks”™ 
—and Mice and Men 


us yacht ‘Platypus”’ 
i strange city 





came to a blind grade 
The trees hid the warning sign. The 

ehind schedule making up time and it caught the duck 
ler the tail feathers, turning it back into the drivers of 


¢ 


number one “‘Dukyot”’ Skipper, was at the wheel 
through a lucite and stainless steel deck closure 
ssion of the brain, cracked several vetebrae and 
k”’ for several days 


\W 


1! the hospital and learning to navigate in a 
he hopes to discard in a few weeks. At 
veard to observe: ‘Locomotives are damn 


| must have picked the right General Motors 
sion purposes.” 


icture of the duck and its fittings were undamaged 
w spare hulls and will install a new one shortly 
sure we will proceed with greater respect for 


And that the jockey of that one will be counting 
S sicep 


wn in history as the first shipwreck occurring on a 
ind the first locomotive derailed by a_ boat. 


Long-Range Alloy Buying Returns 


re proud that General Alloys’ sales volume during the 
‘. eased at more than twice the rate of the industry 
he fact that users are again keeping records on the 


eived from their trays, pots, furnace parts and 
ture tooling. 





s Engineered Heat and Corrosion Resistant Castings 
ld for ultimate economy, not first cost 


hey are 
the largest and most exacting users on the basis 
tion and longer life. 


iced by the “oldest and largest exclusive manu- 
t and corrosion resistant castings’’ and serviced 
ngineering organization. If you are willing to 
increased first cost of higher quality, to get a 
ost, we solicit your inquirtes. 


, 
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840° F. or 450°C. in oxygen). In best thermal shock resistance ang 
the latest report of Geller and cerium oxide the poorest. 
New Refractories associates, it showed that when Of the 18 materials considereg 
barium oxide and beryllium oxide when the tests were started and 
were blended in equal parts the which had melting points aboye 
resulting mixture fused at 2140° F. 3300° F. (1800° C.), four were elim. 
(Starts on p. 416) including reheat (1170°C.) They concluded that a inated due to instability in norma) 
tests at a minimum of 3300° F. low temperature eutectic between air and four more due to instabilit, 
(1800° C.) will be needed for BaQ and barium carbonate might in reducing atmospheres. Whep 
evaluating the results. be the trouble-maker. It was uranium, hafnium, and yttrium are 
In the commercial production pointed out that no amount of heat- withdrawn due to unavailability, 
of refractories it is necessary to ing will endow the oxides of lime, only seven are left. Chromium 
have a nonreactive base material strontium, and barium with per- oxide, however, can be restored t 
on which to set it during the burn- manent stability in moist atmos- the list because it is known to yield 
ing operation. In some’ work pheres. The work reported also a refractory which retains jts 
described, pressed specimens of indicated that lanthanum oxide shape at 3300°F. (1800°C.) ip 
various oxides were set on silica, belongs within this group. normal atmospheres. 
magnesite, chrome, and high alu- The possibility of a low melting Only with alumina and mag. 
mina brick (910% alumina), and phase draining from a sample was nesia can enough raw material for 
reactions observed after holding at illustrated by a briquette of 50% a 9-in. straight brick be purchased 
3000° F. (1650° C.) for 5 hr. The Transvaal chrome ore, and 50% for $1.00. The chrome and mag. 
yttrium oxide under test (see Table dicalcium silicate which, when nesite brick now used cost 30 t 
II) was of 80% purity; the others heated to 2725° F. (1500°C.) had 40¢ completely manufactured. The 
were of 97% minimum and, in an excellent appearance when author concluded that for high 
most cases, 99%+ purity. burned on a magnesite hearth brick. tonnage refractories of superior 
The results on pats of zine oxide The same sample, however, was refractoriness at a cost within rea- 
(Table II) left considerable doubt heated on a square of platinum foil son it is likely that greatest reli- 
as to its having any value as a to separate it from the hearth brick; ance for the foreseeable future must 
refractory. With barium oxide thereupon the liquid which could be upon alumina, magnesite, and 
there was evidence of melting not escape continued to react with chrome ore. Other materials, worth 
before reaction. <A likely explana- the remaining solids to cause some consideration, are zirconiun 
tion is the oxidation from BaOQ almost complete fusion. silicate (zircon) and calcium 
(melting point 3500° F. or 1925° C.) The available oxides were tested orthosilicate. The latter is not now 
to the peroxide BaO, (whose melt- with a torch for thermal shock available and may, in any eveat 
ing point is reported to be only resistance. Beryllium oxide had the not live up to the promise held out 
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Parts for Longer Service omy 











For high-strength parts ... for an extra 
factor of safety .. . for weight-saving sec- 
tions... EVANSTEEL is the dependable 
alloy to use in applications demanding 
maximum resistance to stress, shock, vibra- 


tion and wear 


EVANSTEEL, a nickel-chrome-molyb- 
denum alloy, developed by the Chicago 
Steel Foundry Company, has a tensile 
strength after annealing that averages 
50% to 60% greater than that of ordinary 


carbon steel. 
EVANSTEEL heat 


EVANSTEEL sections may be made treated Pug Mill 
smaller and lighter without sacrifice of Knives are highly 
wear resistant, yet 
not brittle. They 
Over 1,000,000 EVANSTEEL Wire Rope de net break. but 


Sockets have been used in various indus- wear down evenly 


safety. 


tries without a single failure. to the stub. 


(,HICAGO \TEEL [};OUNDRY (JOMPAN 


Wate fo en eis PYRASTEEL CHICAGO 32, ue. VANSIEL 


trong 
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machining time, 
produce accurate parts 


With J&L Precision Ground 
Cold Finished Steel 


The size accuracy and surface finish of J&L 
Precision Ground Cold Finished Steel is used 
to advantage by many manufacturers in ma- 
chining parts. They find it eliminates part of 


the machining operation, saves tool wear and a 
tool changes. J&L Precision Ground is available £ 


in a wide range of grades in sizes }4"’ and larger 
from mill or your nearest J&L warehouse or 
distributor 


JONES & LAUGHLIN 
STEEL CORPORATION 


PITTSBURGH 30, PA. 
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for 
HEAVY DUTY 
applications 


HY-TEN 





“B’ No. 3X ALLOY STEEL IS 


ways better! 


HY-TEN “B” No. 3X is the ideal alloy for heavy duty parts 
‘because (1) it is supplied in the heat-treated condition to 
your desired physicals (2) it is readily machinable at high 
degrees of hardness (3) high finish is obtainable with either 
ordinary high speed or carbide tools (4) scaling, distortion and 
straightening are eliminated (5) it often eliminates grinding 
(6) rehandling and added expense of heat treating are 
avoided. HY-TEN “B” No. 3X is available immediately from 
warehouse stock at short notice. 


WL steels are metallurgically constant. This guarantees 
uniformity of chemistry, grain size, hardenability— thus eli- 
minating costly changes in heat treating specifications. 


Write today for your FREE COPY of the 
Wheelock, Lovejoy Data Book. It contains com- 
plete technical information on grades, applica- 
tions, physical properties, tests, heat treating, etc. 


"SLNIWIYINOIN JONVNILNIVW GNY WOOY 1001 ‘NOILONGOYd YOd SONIDYOS ONY $137TI9 






OVER ONE HUNDRED YEARS OF CONTINUOUS SERVICE. ROUNDS, SQUARES, FLATS, HEXAGONS, OCTAGONS 











WHEELOCK, 
LOVEJOY vc: weet 


CAMBRIDGE - CLEVELAND 


134 Sidney Si., Cambridge 39, Mass. ‘Sirnorr: erate 
CINCINNATI 


In Canada 
SANDERSON-NEWBOULD, LTD., MONTREAL 
AJAX DISTRIBUTING CO., LTD., TORONTO 


and Al§l 
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Broadened X-Ray 
Lines of Martensite: 





=a 


THE NATURE of X-ray diffrac. 

tion lines given by martensit 
and the disappointing result 
which arise in the photometry 9 
lines unless they are sharp and 
fairly strong have discouraged 
many workers from using this ty 
of analysis in obtaining evidence oj 
the nature of the martensite stry 
ture. Diffraction lines obtained 
from martensite are noted for their 
diffuseness and, of course, they 
cannot be made sharp by annegl.- 
ing since the martensite decom. 
poses. Two of the chief facto 
which may contribute to this line 
broadening are stress pattern and 
particle size, and the latter has gen. 
erally been considered responsibk 
for this effect in martensite. How- 
ever, it is well known that th 
austenite-to-martensite transform 
tion gives rise to a pattern of ba 
anced local internal stresses ani 
this work was designed to deter 
mine whether these stresses could 
alone account for the observed lin 
broadening. If we let § be the 
breadth of any line and ® the Bragg 
angle at which it appears, then th 
relation between 8 and ®@ will giv 
an indication of which factor i 
responsible for the line broadening. 
If it is caused by small particles 
8 should be proportional to sec 4 
whereas, if the microstress }s 
responsible, 8 should be propor 
tional to tan 8, 

Experiments were carried oul 
on one industrial high-carbon ste 
and two high-purity iron carbo! 
alloys. The latter were made b) 
melting Hilger’s electrolytic iron 
and Hilger’s graphite together in 3 
magnesia crucible in a_ hydrog 
atmosphere and allowing the resull- 
ing alloy to coot in vacuo. Micre- 
scopic examination showed the 
alloys to be homogeneous, but one 
was homogenized 48 hr. at 1130"' 
(2065° F.) before X-ray, samples 
were taken. Rods 1 mm. squat 
and 2 cm. long were taken from 
each of the three steels; they wert 
sealed in evacuated silica tubes an" 
quenched in water after holding 
min. at 1050°C. (1920°F.). + 
photographs of (Cont. on p. 4*' 


*Abstracted from “The /}react 
of X-Ray Diffraction Lines Fro™ 
Martensite”, by J. A. Wheeler 3” 
M. A. Jaswon, Journal of the ro" 
and Steel Institute, October ‘4. } 
161-166. 
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to lower metal-working costs 


Cr Gulf Quality Cutting Oils 


GULF LASUPAR CUTTING OIL—for heavy-duty ma- 
chining operations where exceptionally fine finishes are 
required. 


GULF ELECTRO CUTTING OIL—for heavy-duty ma- 
chining of tough alloy steels. 


GULF M-L CUTTING OIL—for general machining of 
ferrous and nonferrous metals—noncorrosive. 


GULF CUT-AID—revolutionary cutting oil for non- 
ferrous metals. Effective energizer for other cutting oils. 


GULF CUTX-B—for medium and light duty machining 


of steel. 


GULF L. 8S. CUTTING BASE—a cutting oil concentrate 
—can be blended to meet your specific requirements. 


GULF THREAD GRINDING OIL—especially devel- 
oped for use on automatic thread grinding machines. 


GULF SOLUBLE CUTTING OIL—offers a new kind 


of performance for a soluble cutting fluid. 


© Fo% Gulf Quality Lubricants 


GULFGEM OIL—the world’s finest spindle oil, Alchlor 
processed. 


GULF E. P. LUBRICANTS—for better protection of 
heavily loaded gears—excellent for tableways. 


GULF LUBCOTE—for better lubrication of open gears 
—ideal for wire rope. 


GULF HARMONY OIL—for gear drives, circulating 
systems where highest quality is required. 


GULF PRECISION GREASE AND GULF ANTI- 
FRICTION GREASE—for better lubrication of ball and 
roller bearings. 


GULF SUPREME CUP GREASE—for lubrication of 
plain bearings—and anti-friction bearings under wet 
conditions, 


| 7 Gulf Quality Hydraulic Oils 


GULF HARMONY OIL WCR—for im- 
, proved performance of hydraulic systems 
—! in machine tools and presses. 


GULF MECHANISM OIL—for low temperature op- 
€ration of hydraulic mechanisms. 


GULF SOLUBLE CUTTING OIL—forms a stable 


water il emulsion for press systems—prevents corro- 
$i0n, 


has Gulf Quality 
~~) Rust Preventives 


GULF OIL COAT NO. 1, A AND C—prevents cor- 
rosion on highly finished metal surfaces between proc- 
esses and during indoor storage. 


GULF NO-RUST C (POLAR TYPE)—displaces res- 
idual moisture because of its greater affinity for metals 
and protects metal surfaces against corrosion. 


GULF NO-RUST 1, 3, 4, 5 and 00—petrolatum types for 
preventing corrosion of metal surfaces exposed to the 


elements. 
GULF SUPER-QUENCH — the revolu- 


tionary dual-action quenching oil. 
> Gulf Quality 
Metalworking Oils 


GULF “C” METAL OIL—for rolling aluminum. 


GULF STAINLESS METAL OIL—for drawing, form- 
ing and rolling stainless steel. 








Gulf Quality Quenching Oils 


Gulf manufactures additional products suitable for 
metal-working operations on many types of metals. 





Call in a Gulf Lubrication Engineer ‘and ask 
him to show you how these quality Gulf oils 
and greases can help you improve production 
and reduce operating costs. Write, wire or 








phone your nearest Gulf office. 
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LUBRICATION 


Gui i Corporation Gl Refining Compan 


Division Sales Offices: 
Boston - New York + Philadelphia + Pittsburgh + Atlanta 
New Orleans + Houston + Lewisville + Telede 
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-»eWhen they are made from acid- and 


Here’s another process applica- 
tion for Ampco — this time in a 
brewery, one of the largest in the 
country, These pipes, made from 
grade 40 Ampcoloy, an engi- 
neered aluminum-bronze alloy, 
are 14 feet 75% inches long and 8 
inches in diameter. Eight sepa- 
rate pieces centrifugally cast form 
a complete pipe. These pieces 
with 11-inch end flanges are 
welded together with Ampco- 
Trode 10 aluminum-bronze elec- 
trodes. Ampco-Trode 10 was used 
because it has the same acid- and 
corrosion-resistant and physical 
properties as the parent metal. 
This pipe is used because it 
does not produce cloudiness in 
the beer. It saves money for the 
brewery because it lasts indefinite- 
ly and does not affect the flavor. 
Other process industries 
throughout the country are using 
large quantities of Ampco alumi- 
num bronzes, too, They find that 
Ampco bronzes have many de- 


corrosion-resistant Ampco Bronze 
and welded with Ampco-Trode 10 
aluminum-bronze electrodes 


sirable service qualities not 
found in other anti-acid metals. 
High tensile strength. Good duc- 
tility. Less weight. Favorable 
hardness. This popular aluminum- 
bronze alloy resists corrosion, 
erosion, cavitation — it handles 
successfully such liquids as acids, 
alkaline solutions, sea water, 
mine waters, petroleum sludge, hot 
brine, and food-product liquors. 


Save yourself money, trouble, 
and time — send your processing 
problems to us, Our engineers 
can help you adapt assemblies 
fabricated out of Ampco Metal 
to your requirements. Write for 
our latest descriptive bulletins. 





Ampco-Trode 10 is a product of 


Ampco Metal, Inc. 
Department MP-3 Milwaukee 4, Wis, 
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Martensite 
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(From p. 422) the martensite rods 
were taken in a 9-cm. Debye 
Scherrer powder camera using K 
radiation of iron. The rods were 
tempered 20 hr. at 600° C. (1100° F, 
to produce stress-free ferrite, and 
X-ray photographs were agai; 
taken in order to evaluate the cor 
rection necessary for experimental 
line broadening. Finally, the car 
bon content of each rod was deter 
mined by a microcombustio: 
method and was found to be 1.35 
and 1.43%, respectively, in the two 
experimental alloys and 1.35% in 
the industrial steel. The X-ray 
photographs were photometered 
with a Dobson-type photometer. 
and the linearity of the blackening. 
intensity curve was established by 
calibration strips put on the film 
by a rotating stepped sector. 
Intensity readings were plotted 
against distance along the film, and 
the background was found by inter 
polating between the readings of 
the background on either side of 
each pair of lines. Where the mar- 
tensite doublets were overlapped 
by austenite lines, correction was 
made by subtracting the calculated 
intensity distribution due to the 
austenite. The separate lines of 
each martensite doublet were then 
resolved by assuming that the mar- 
tensite lines unaffected by austenite 
overlap are symmetrical about 
their peak values. Areas under the 
corrected — intensity - distributio: 
curves were calculated using Simp- 
son’s approximation, and the inte- 
gral line breadth was calculated 
from the Laue formula. Finally 
the correction for instrumental 
broadening was made from meas 
urements of the ferrite lines 
obtained from the X-ray photo 
graphs of the tempered specimens 
Results obtained on the three 
martensite doublets M2, M6, and 
M8 (where the numbers _ indicat 
the sum of the squares of the line 
indices) showed the line breadth 
was proportional to the tangent 
the Bragg angle of reflection. This 
means that a microstress mech 
nism is responsible for the line 
broadening. Breadths of the ™ 
lines of the martensite doublet M4 
appeared higher, but this 
explained by assuming that Youngs 
modulus in the [100] direction ! 
martensite is less than in the dire 
tions perpendicular to the plane 
giving rise to the other diffrsctie 


: ’ 4% 
lines. (Cont, on ie 
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PROVIDES UP TO 50% MORE MIXTURE PRESSURE 
WITHOUT 





Gas combustion engineers who have seen the Bryant 
Flomixer in action sing its praises. They like the 
way it “fits” a job—its flexibility of arrangement 
without the necessity of special parts, and its depend- 
able delivery of extreme high pressure mixtures. 

Yes, the Bryant Flomixer actually provides up to 
50°; more mixture pressure without increasing air 
pressure! Supplied with zero pressure gas it will 
maintain accurate gas-air proportions at all airflows, 
which means a wider range of operation for the 
entire combustion system. 


INCREASING AIR PRESSURE! 


#FLOMIXER (copyrighted): A constant ratio 
mixing device that utilizes the energy of a stream 
of air to entrain a combustible gas and deliver 
a mixture at wnasually bigh pressure two the burners. 


Because of built-in flange connections, there are 
no unions in gas and air lines to complicate servicing 
and maintenance. Numerous test plugs make it easy 
to test mixture, air pressure and gas suction. The 
Flomixer provides “in place’ conversion from manual 
to automatic control, and employs a universal. type 
gas adjuster which will utilize any type of gas. 

For complete details and specifications, write 
Industrial Division, Bryant Heater Company, 17825 
St. Clair Ave., Cleveland 10, Ohio. 


Available now! Chider today f 


INDUSTRIAL DIVISION 


COMBUSTION FOR 


INDUSTRY 


Cruyanl Medleu Company 
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THIS LITTLE BOOK 
MAY SAVE YOU BIG 
PRODUCTION MONEY! 


Ld Tells how you can save 
from 10¢ to 20¢ a pound 
on high speed steels and 
get better results! 


i 
@ Gives actual shop tests 
and comparisons! 





@ Practical data on heat 
treatment! 


‘ 

' 

: 

@ Tells you how manufac- 
turers are cutting produc- 
tion costs! 





YBDIC OXIDE — BRIQUETTED OR CANNED + FERROMOLYS- 
UM *"’CALCIUM MOLYBDATE” + CLIMAX FURMISHES AUTHOR 
TATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS, 







MAIL COUPON TODAY! 








CLIMAX MOLYBDENUM COMPANY ™P-3 
500 Fifth Avenue, New York 18, N. Y. 


Please send me a copy of 
your free booklet 




















Martensite 
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(Abstract starts on p. 422 

If particle size is assumed to be 
the only factor causing line broad- 
ening, calculation by the Scherrer 
formula shows that the average 
crystallite dimension will be about 
7 interatomic distances which 
appears to be too small to be stable. 
On the other hand, if we assume, 
as this work indicates, that micro- 
stresses are responsible for line 
broadening, then the average stress 
in the structure can be shown to be 
about 210,000 psi., which is a rea- 
sonable figure. 

Uncertainty of this type of 
analysis prevents the conclusion 
that there is no possibility of line 
broadening due to small particles, 
but the balanced local internal 
stresses, which the martensitic 
structure is known to contain, are 
in themselves adequate to account 
for the observed line breadths and 
must in any case be responsible for 
the major part of the broadening. 





Electrolytic Mn 
for Steelmaking* 





A PILOT PLANT for the study of 

methods of recovering manga- 
nese from American ores has been 
in operation at Boulder City, Nev., 
since 1941, and in that time over 
750 tons of pure metal has been 
recovered. The process was _ per- 
fected while studying the wad ores 
from nearby Three Kids Mine; 
R.1.4163 describes work on ore 
from four other mining districts 
and from the American ore stock- 
piled during the war by Metals 
Reserve. Principal interest is in 
the calcareous nodules from Cham- 
berlain, So. Dak., the almost limit- 
less deposit whose mining and 
concentration problems have 
received so much attention § (see 
Metal Progress for August 1946, p. 
320). (Cont. on p, 428) 


*Summary of two Bureau of 
Mines Reports of Investigations: 
R.I. 4163, “Electrowinning of Man- 
ganese from Domestic Ores”, by J. H. 
Jacobs, and R,I. 4157, “Electrolytic 
Manganese in Acid and Basic Electric 
Steel Foundry Practice and Basic 
Steel Ingot Production”, by F. Sillers, 
Jr., R. T. C. Rasmussen, and J. H. 
Jacobs. 
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The WUeu 
XAC]LINE 


STRAIGHT LINE 
TEMPERATURE CONTROL. 





Now with XACT. 
LINE Straight Line 
Temperature Con. 
trol you can in. 
crease the effi- 
ciency of your Pyrometer 

Control Instruments (either 
Millivoltmeter or Potentiometer Type) to an 
omazing degree. Now you can hold toler. 
ances as close as 1/5°F. plus or minus ond 
power ‘‘on-off" cycles as low as 3 seconds. 

For XACTLINE, operating in the thermo- 
couple circuit, ANTICIPATES the most minute 
heat variations on both heating and cooling 
cycles, thereby enabling your pyrometer con- 
troller to control far more closely than other. 
wise possible. 

This Anticipation Factor means that XACT- 
LINE causes the conventional pyrometer con- 
troller to respond to a millivoltage impulse 
up to 90% less than that normally required, 
(the controlling pyrometer functions only when 
the desired temperature range has already 
been exceeded). 

XACTLINE is laboratory tested and adjusted 
- . . does not require read- 
justment or coordination with 
other controllers. 

NO gears, cams, shafts, 
bearings or other rotating or 
sliding parts. Simple design 
eliminates usual mainte- 
nance and repair. 










PRECISE CONTROL FOR . . .Tempering-Drew- 
ing ... 1se-Thermal Quenching... Al and Mg 
Treatment ...Accurate Heat Treating... Sinter- 
ing ... Metallic Baths ... Plastic Molding --- 
and other operations ... Price 0 
complete F. O.B. Factory... $79=° 
Write for the new XACTLINE data folder todey! 


‘GORDON:™ 
>< SERVICE. 


CLAUD S. GORDON CO. 


Specialists for 33 Yeors in the Heat Treating 
and Temperature Control! Field 


Dept. 15 + 3000 South Wallace St, Chicago 16, lll 
Dept. 15 + 7016 Euclid Avenue, Cleveland 3, Obie 











The Symbol of QUALITY 
in Grinding Wheels. . . 


IS symbol means a wheel made in the 
world’s largest grinding wheel plant. 


It means a wheel made by skilled workers — 
10% of them Norton employees for 25 years 
or more. 

It means a wheel backed by the most exten- 
sive research facilities in the grinding wheel 
industry. 

It means a wheel especially suited to each 
of your grinding jobs — expertly selected 
by one of the country-wide staff of Norton 
abrasive engineers. 


it means lowest grinding costs for you. 


NORTON COMPANY, WORCESTER 6, MASS. 


(Behr-Manning, Troy, N. Y. is a Norton Division) 
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A luminum alloy iron-core induction melting furnaces, the 


first of this kind capable of continuous operation, 

have been developed at Ajax’s Experimental Foundry 
(see photo upper right). Simplified cleaning methods and 
improved design of melting channels have resulted in in- 
creased lining life and reduced maintenance cost. 


ob of melting 300 pounds per hour requires 60 kw. unit 
J (see photo above) occupying about 4° x 4’ x 4 space, 
requiring no foundations and provided with a self- 
contained internally wired control cubicle, including poten- 
tiometer type temperature controller. Operating cost from 
40 to 70 cents per hour, with maintenance items almost 


negligible. 


nother unit of 20 kw. capacity is finding wide acceptance 
A as holding furnace in die casting and permanent mold 
work. Space required is about 3’ x 3’ x 3’, no founda- 

tions, self-contained control cubicle. Operating cost from 8 
to 12 cents per hour. Metal charge of crucible is 300 pounds. 


Ajax induction furnace proves that accurate (free of 

time lag) temperature control, typical of these fur- 
naces, allows casting consistently at lowest and most adequate 
temperatures necessary for sound castings, all of which 
results in considerable reduction of rejects. 


AJAX ENGINEERING CORPORATION 
TRENTON 7,N. J. 


X -ray investigation carried out on metal processed in 


INDUCTION MELTING FURNACE 





Pure Manganese 











Ferneces 


Comper; AJAX METAL COMPANY, Rew foros ingut Mets nd Aivoys tor Foundry Use 
X ELECTROTHERMIC tone. 


bye te ay ey 
Ayan Hultgren Clectnc Sot Beth Furnace 


AJAR ELECTRIC CO., INC., 


AJAX ELECT@IC FURNACE cone. = Wyatt induchon F ernaces 


Soe then 
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(Continued from p. 426) 

The electrolytic process in use 
at Boulder City required very little 
modification to handle the Cham. 
berlain nodules successfully. Ap 
important economic advantage was 
that they required no roasting after 
crushing and prior to leaching, 
Leaching was done in exhausted 
anolyte from the cells, fortified 
with H,SO, and (NH,).SO,. After 
agitation for 1 hr. the mass was 
neutralized with NH,OH, thickened, 
filtered, and washed. Solutions 
were then purified from most con- 
taminating metals by H.S (only 
0.05 g. per liter was needed), and 
again filtered. Colloidal sulphu 
and interfering traces of arsenic 
and molybdenum were removed by 
adding 0.1 g. per liter of ferrous 
sulphate, aeration (which precipi- 
tates ferric hydroxide), aging, and 
filtration. 

The electrolytic cell and its 
operation, as well as the removal 
of magnesium before it builds up 
in the electrolyte to troublesome 
proportions, is described in 
R.I. 4163. Current efficiency is 62 
to 66%. Cathodes are Type 316 
stainless steel, buffed smooth every 
other day. Anodes are cast slabs 
of lead (1% Ag), drilled with 1%.- 
n. holes at close centers. Cathodes 
are removed at 24-hr. intervals 
dipped in 1% sodium dichromate 
to prevent oxidation of the deposit, 
and stripped by rapping with a 
rubber mallet. Total impurities in 
the manganese come to 0.030%; 
carbon being less than 0.003%, sul- 
phur 0.015% 

No cost estimates for operation 
on a commercial scale are included 

Electrolytic manganese has 
already found considerable use, 
commercially, in the production of 
special copper, nickel, zinc, or alu- 
minum alloys, in competition with 
metal of 96 to 98% purity made by 
electrothermal or aluminothermic 
methods. Much work has been done 

principally by research metal- 
lurgists on the Bureau of Mines 
staff —on the interesting proper 
ties of new alloys wherein manga 
nese is the principal metal. The 
overwhelming consumption, of 
course, is in the steel industry, 
about 70 steel works and found- 
ries have used quantities of the 
metal in regular production o 
stainless steels, acid steel cas 
and low-carbon steel. (To p 





FROM THIS 
MOUND 


MELTING! 


MOLDING! / 


. 


of ( ourtesy of Shell Oil Co., Inc. 


In this form, it’s petroleum coke... just a good 
fuel. But it is potential graphite, too! Properly 
processed, it will become graphite electrodes, 
molds, mold plugs, and the variety of special- 
ized graphite products made by International 
that show the way to increased production and 
lower costs. 

Graphite resists thermal shock—it will not 
crack, spall or chip. Its low thermal expansion 
insures Castings true to specified dimensions. 
Molten metal does not “wet” graphite—no 
sticking in the mold. And graphite has virtu- 
ally no melting point—ingots and castings are 
free of inclusions. In addition, it is light in 
weight, low in cost. 

These properties of graphite may suggest 
new time and cost saving applications in your 
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casting and molding problems. Interna- 
tional supplies graphite in blocks, ~~ 
tubes, slabs, or machined to your _-~ 
specifications—and graph- ~~ 

ite electrodes for all 
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SAINT MARYS. PA 


"is 


Varch, 19148: Page 429 


plant or help you to solve difficult melting. ~~ 
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.». use the right 
Cutting Fluid! 


Questions concerning use and ap- 
plication of cutting fluids are the 
cause of many shop headaches. 
When critical parts have to be re- 
jected and finishes are bad and tools 
have to be sharpened frequently, 
jobs go sour and schedules aren't 
met, cutting oils may be at the bot- 
tom of it. D. A. Stuart Oil Co. rep- 
resentatives have had plenty of ex- 
perience in straightening out such 
situations, developing the correct 
application, improving production 
—curing the headaches. Let them 
prescribe for you. 


Aersanotl... 


THAT WILL HELP YOU— 
D. A. STUART'S KLEENKUT 
WATER-MIXED CUTTING OIL 


Stuart’s Controlled KleenKut 
water-mixed cutting oil has a long 
established, consistent record of ex- 
cellent performance on the majority 
of metal-cutting operations. On 
drilling, reaming, sawing, tough 
turning, machining cast iron, cutting 
bolt threads, planing and milling, 
and other jobs where cooling quali- 
ties or cleanability are dominant re- 
quirements, KLEENKUT has meant 
machining excellence since 1912... 
Carries off heat rapidly .. . Increases 
tool life . . . Improves finishes . . . 
Flushes chips and contaminants 
from the work area . . . Reduces 
power consumption . . . Contains 
only top-quality ingredients . . . 
Chemically stable . . . Free from 
objectionable odor . . . Simple to 
clean from parts or machines .. . 
Mixes freely with water. ANOTHER 
TIME-TESTED STUART PRODUCT! 


STUART of engineering goes 
sith every barrel 
4 


p.A. Stuart {Jil co. 


2743 SOUTH TROY STREET, CHICAGO 23, [LL. 








Pure Manganese 





(Starts on p. 426) Results have 
been reported in Bureau of Mines 
publications R.1. 3829, 3830, 3911, 
4078. (R.1. 3830 on acid steel was 
summarized in Metal Progress for 
December 1946, p. 1250.) 

Heat logs and general results for 
several melts of basic steel are 
given in R.1.4157. It is far less 
difficult to incorporate the cathode 
chips into a basic steel than in an 
acid bath, since the slag is reducing 
and losses of manganese to slag are 
always small. 

At Adirondack Foundries & 
Steel, Ine., of Watervliet, N. Y., 20 
Ib. manganese was added to a 5'.- 
ton basic electric heat immediately 
after slag-off and 30 Ib. added with 
the recarburizer (pig iron) and 
ferrosilicon 20 min. before tapping. 
Specification was for 0.25¢¢ C and 
0.65°> Mn. Efficiency of recovery 
was 9160; C. L. Richards, metal- 
lurgist, stated that the results com- 
pared very favorably with regular 
practice using ferro, The same 
steel was made in a 15-ton’ basic 
electric furnace heat at General 
Metals Corp., Oakland, Calif. 120 
Ib. of electrolytic manganese was 
shoveled in after the second or 
reducing slag was formed. The 
second small addition (36 Ib.) was 
made with the ferrosilicon and 
aluminum 10 min. before tap. 
Recovery was 75°, as compared 
with 85¢% for standard ferro. 

At Babcock & Wileox Co. of 
Beaver Falls, a 15-ton basic heat of 
modified 52100 steel for high-duty 
ball bearings (where inclusion type 
and = distribution are of impor- 
tance) was made. 325 Ib. elec- 
trolytic manganese was added after 
slag-off and 110 Ib. before tap. 
Recovery was 1000. C. P. Church, 
plant metallurgist, reported that no 
essential difference was noted in 
the hot working of the steel, its 
annealing, or the deep etch test. 
Under these circumstances, pure 
manganese would probably be used 
if costs were competitive. 

Two 4-ton heats were made at 
Dodge Steel Co. of 1.20¢° Mn, 0.30% 
Cr, 0.300% Mo, 0.300 CC, boron- 
treated steel castings for aircraft 
parts (heat treated to 125,000 psi.). 
Analysis was met by adding elec- 
trolytic manganese in the ladle. It 
was concluded that when orders of 
this analysis are so small that 
portions of a heat are required, 
secondary ladle additions of elec- 
trolytic manganese are desirable. 
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Gives Continued Accuracy, 
Rapid Measurements 


THE CLARK has everything yoy 
want in a hardness tester—direct 
reading precision dial, durable con- 
struction, ease of servicing. Three 
standard models shipped complete 
with weights, dust protectors, dia- 
mond and steel penetrators, test 
blocks, and anvils. 


CLARKATOR CHECKS DIAL INDICATORS wich 
micrometer speed and sine bar ac- 
curacy. Easy to operate—just four 
simple steps. Complete instruc. 
tions, perma- 
nently fas- 
tened to base. 


MASTER DIAMOND 
CHECKING elimi- 
mates hardness 
tester errors. 
Consists of a mas- 
tec diamond pen- 
etrator and two 
test blocks. Pre- 
cision is assured 
over a long pe- 
riod because the 
set is used only for 
checking. ur- 
nished in leather 
case. 


Learn the truth 
about hardness 
testing! This 20- 
page reference 
manual (right) 
contains infor- 
mation on his- 
tory, theory, prac- 
tice, and equip- 
ment for modern 
hardness testing. 
Available to ex- 
ecutives without 
charge. Write 
Dept. MMS to- 





CLASRATOR CHECKS DIAL 
INDICATORS 


CLARK 


INSTRUMENT, INC. 


10200 Ferd Read * Dearborn, Mich 














forms machine parts 


American Electro Metal Corporation, Yonkers, N. Y.. 
is another manufacturer using Stokes Automatic 
Presses for compressing powdered metals into a 
variety of different products ... from belt buckles 


to machine components. 





Stokes Presses are the result of 25 years’ experience 
and engineering “know how’, They are ruggedly 
built, to withstand heavy overloads without serious 
distortion. They are available in single-punch and 
rotary types, with cam, eccentric and toggle actions, 
in capacities to apply from 2!/, tons to 100 tons 
pressure... all especially engineered to meet specific 
requir¢ments within these pressure ranges. 

Whatever your requirements may be, whether to 
make tiny “Getter” tablets for radio tubes, porous 
bearings, machine components, sintered carbides, or 
other powdered metal parts, there is a Stokes press 
for the purpose. Your inquiries are invited. Write 


for Bulletin No. 482. 


Stokes No. 244 Cam-type Press in use at American F. J. STOKES MACHINE COMPANY 


Electro Metal Corp. 6006 Tabor Road, Philadelphia 20, Pa. 


IS 
GaEZEs} See STOUES For Automatic Tabletting Equipment 
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FOR THE UTMOST IN 
RUST PREVENTION 


| HOT-DIP GALVANIZE | 













“If it carries this Seal 
it’s a job well done”’ 












It tells you that each member of this 

Association has access to the accumu- 

lated “know-how” and experience of 
' the entire membership. 

It is your assurance of the highest 
standards of quality in materials and 
workmanship, the latest in equipment 
and most modern of galvanizing 
methods. 

Write the Association Members 
nearest you. They will gladly give you 
estimates or information on any gal- 
vanizing requirements. 


















ALABAMA 
THE LERIO CORPORATION, MOBILE 
CONNECTICUT 
WILCOX, CRITTENDEN & CO.,INC., MIDDLETOWN 
GEORGIA 
ATLANTIC STEEL COMPANY 
P. O. BOX 1714, ATLANTA 
















Graphite Formation 
im Cast Iron* 





HE metallurgical potentialities 

of gray cast irons will not be 
realized until the graphite forma- 
tion during solidification is under- 
stood and controlled. Cast irons 
are perhaps the most complex of 
alloys and unique in their sensitiv- 
ity to rate of cooling. 

Graphitic carbon is ordinarily 
distributed in two ways—as 
lamellar or flake graphite, and in a 
finely divided form referred to as 
supercooled, reticular, or dendritic. 
There is evidence for the existence 
of other forms of graphite in gray 
irons, including the nodular or 
spherulitic type hitherto obtained 
only by heat treatment of white 
iron. The preliminary work will 
be described which has led to the 
production of nodular graphite in 
the as-cast state without any heat 
treatment. 

The optical anisotropy of graph- 
ite flakes can be studied by the 
polarizing microscope. The color 
of a graphite crystallite will vary 














ILLINOIS 
EQUIPMENT STEEL PRODUCTS, BLUE ISLAND 
JOSLYN MFG. & SUPPLY CO.. CHICAGO 
STANDARD GALVANIZING CO.. CHICAGO 

















» MARYLAND 
SOUTHERN GALVANIZING CO... BALTIMORE 


MICHIGAN 
RIVERSIDE FOUNDRY & GALV 


MISSOURI 


COLUMBIAN STEEL TANK CO 
MISSOURI! ROLLING MILL CORP 


NEW JERSEY 

DIAMOND EXPANSION BOLT CO., INC.. GARWOOD 
L. O. KOVEN & BROTHER, INC., JERSEY CITY 

INDEPENDENT GALVANIZING COMPANY, NEWARK 


NEW YORK 


THE THOS. GREGORY GALV. WORKS. MASPETH 


OHIO 
THE FANNER MFG. CO CLEVELAND 
THE NATIONAL TELEPHONE SUPPLY CO 
CLEVELAND 
THE WITT CORNICE COMPANY. CINCINNATI 
COMMERCIAL METALS TREATING. INC 
TOLEDO 


PENNSYLVANIA 
LEHIGH STRUCTURAL STEEL CO., ALLENTOWN 
PHILA. RANGE BOILER & TANK co 
COATESVILLE 
° COLUMBIA MALLEABLE CASTINGS CO., COLUMBIA 
AMERICAN TINNING & GALVANIZING CO., ERIE 
HANLON-GREGORY GAL VANIZING CO., 
PITTSBURGH 
OLIVER !RON & STEEL CORP... PITTSBURGH 
PENN GALVANIZING COMPANY, PHILADELPHIA 


TENNESSEE 
M. M. HEDGES MFG. COMPANY, INC 
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WASHINGTON 
ISAACSON IRON WORKS, SEATTLE 
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GALVANIZING 

















twice from light brown to black as 
the specimen is rotated through 
360°. Owing to this reflex pleoch- 
roism it has been possible to show 
that many graphite flakes have 
complex needle-like structures 
internally and are usually aggre- 
gates of interlacing crystals. 
Graphite spherulites consist of 
radially oriented crystallites grow- 
ing from a common center. 

The generally accepted facts 
relating to graphite formation in 
cast irons may be considered with 
reference to the ternary iron- 
carbon-silicon system. The finally 
solidifying graphite-austenite com- 
plex is usually (Cont. on p. 434) 


*Abstracted from “Graphite For- 
mation in Grey Cast Iron”, by H. 
Morrogh and W. J. Williams. Engi- 
neering, Aug. 8, 1947, p. 141 and 
Aug. 15, 1947, p. 166. 
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measures 
working : 
temperatures 


* MELTS SHARPLY — Tempil” products have . 
shorp and rapid melting action at stated tem. 
peratures . . . are available in liquid, crayon, 
or pellet form, as a convenient means of signal. 
ling temperatures in a multitude of industric’ 
operations. 

® READILY IDENTIFIED — Each Tempil® produc 
is clearly marked with the temperature at which 
it melts. In addition, Tempil® products are mode 
in a distinguishing color for each melting point 
® ACCURACY — Tempil® products have a mecn 
accuracy of within 1% of stated temperature 
® USES — Tempil® products are widely used to 
prevent cracks and failures in metal processing 
make stronger and safer 
welds; repair costly castings, 
forgings and machine equip- 
nent; in hard-surfacing, 
straightening hardened 
parts, drawing, tempering 
and local heat- 
treating. 









TEMPILSTIK® tn 13° steps ... 125° F. to 
400° F. In 50° steps . . . 400° F. to 1600°F 
For welding, forging, heat-treating and fobr- 
cation of metals; molding of glass, rubber ond 
plastics, etc. 


TEMPIL® PELLETS in 25° steps . . . 125 f 
to 350° F. In 50° steps . . . 400° F. to 1700 F 
To determine temperatures in heat-treating of 
large units or extensive areas; checking furnace 
or engine temperatures; setting induction-hecter 
timers, etc. 
TEMPILAQ® In 25° steps ... 125 F. 10 
350° F. In 50° steps . . . 400° F. to 1700 F 
For heat-treating or processing, particularly © 
interiors not accessible for Tempilstiks’ or Pe: 
lets; ideal for glazed or polished surfaces, 
glass, plastics, etc. 
Write Gordon today for Tempil° Preheating Cho 
Tempil® scale for weld bend testing and complete 
information on Tempil® products. 
wv 


FOX 4S AO YREOY 
ae ‘GORDON: | 
$¢ SERVICE:>: 
CLAUD S. GORDON CO. 
Specialists for 33 Years in the Heat. Treating 


and Temperature Control Fieid 


Dept. 15 © 3000 South Wallace St., Chicago 16, Il! 
Dept.15 © 7016 Euclid Avenue © Cleveland 3, on 




































>— a 






